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(57) Abstract 

The invention provides a novel trans- 
ferase that acts on a saccharide, as a substrate, 
composed of at least three sugar units wherein . 
at least three glucose residues on the reduc- 
ing end side are linked Ct-1,4 so as to trans- 
fer the Qr-1,4 lingages to a QM,OM linkages; 
a process for producing the transferase; a gene 
coding for the same; and a process for pro- 
ducing an oligosaccharide by using the same. 
Also provided are a novel amylase that has a 
principal activity of acting on a saccharide, as a 
substrate, composed of at least three sugar units 
wherein at least three sugar units on the reduc- 
ing end side are glucose units and the linkage 
between the first and the second glucose units is 
Qr-1,QM while the linkage between the second 
and the third glucose units is CX-1,4 so as to 
liberate Oc 9 Oc -trehalose by hydrolyzmg the Oc- 
1,4 linkage and another activity of hydrolyzing 
the Ct-1,4 linkage within the molecular chain of 
the substrate and that liberates dissaccharides 
and/or monosaccharides as the principal final 
products; a process for producing the amylase; 
a gene coding for the same; and a process for 
producing Oc, Oc -trehalose by using a combina- 
tion of the transferase and the amylase. 
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a: Before reaction 
b: maltotriose 



c: After reaction 

d: glucose 

e: maltose 

f: glucosyl trehalose 
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wzm*=r : 1 

E?iJCDg3 : 2 5 7 8 

Wl$i\<DWM. : Genomic DNA 

: Sul f olobos solfataricus 

GCATGCCATT AAAAGATGTA ACATTTTACA CTCCAGACGG TAAGGAGGTT GATGAGAAAG 60 

CATGGAATTC CCCAACGCAA ACTGTTATTT TCGTGTTAGA GGGGAGCGTA ATGGATGAGA 120 

TTAACATCTA TGGAGAGAGA ATTGCGGATG ATTCAT.TCTT GATAATTCTT AACGCAAATC 18.0 

CCAATAACGT AAAAGTGAAG TTCCCAAAGG GTAAATGGGA ACTAGTTGTT GGTTCTTATT 240 

TGAGAGAGAT AAAACCAGAA GAAAGAATTG TAGAAGGTGA GAAGGAATTG GAAATTGAGG 300 

GAAGAACAGC ATTAGTTTAT AGGAGGACAG AACT ATG ATA ATA GGC ACA TAT AGG 355 



CTG CAA CTC AAT AAG AAA TTC ACT TTT TAC GAT ATA ATA GAA AAT TTG 403 
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GAT TAT TTT AAA GAA TTA GGA GTA TCA CAC CTA TAT CTA TCT CCA ATA 451 

(AspTyr Phe Lys(cTu^Leu Gly Val Ser His Leu Tyr Leu Ser Pro (Ue3 

25 30 35 

CTT AAG GCT AGA CCA GGG AGC ACT CAC GGC TAC GAT GTA GTA GAT CAT 499 

Leu Lys Ala Arg Pro Gly Ser Thr His Gly Tyr Asp Val Val Asp His 

40 45 50 55 

AGT GAA ATT AAT GAG GAA TTA GGA GGA GAA GAG GGG TGC TTT AAA CTA 547 

Ser Glu He Asn Giu Glu Leu Gly Gly Glu Glu Gly Cys Phe Lys Leu 

60 65 70 

GTT AAG GAA GCT AAG AGT AGA GGT TTA GAA ATC ATA CAA GAT ATA GTG 595 

Val Lys Glu Ala Lys Ser Arg Gly Leu Glu- lie He Gin Asp He Val 

- 75 80 85 

CCA AAT CAC ATG GCG GTA CAT CAT ACT AAT TGG AGA CTT ATG GAT CTG 643 

Pro Asn His Met Ala Val His His Thr Asj Trp Jrg .Leu. Me.L.Asp. Leu 

90 95 100 

TTA AAG AGT TGG AAG AAT AGT AAA TAC TAT AAC TAT TTT GAT CAC TAC 691 
Leu Lys Ser Trp Lys Asn Ser Lys Tyr Tyr Asn Tyr Phe Asp His Tyr 

105 110 115 

GAT GAT GAC AAG ATA ATC CTC CCA ATA CTT GAG GAC GAG TTG GAT ACC 739 

Asp Asp Asp Lys lie He Leu Pro He Leu Glu Asp Glu Leu Asp Thr 

120 125 • 130 135 

GTT ATA GAT AAG GGA TTG ATA AAA CTA CAG AAG GAT AAT ATA GAG TAC 787 

Val He Asp Lys Gly Leu He Lys Leu Gin Lys Asp Asn He Glu Tyr 

140 145 150 
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AGA GGG CTT ATA TTA CCT ATA AAT GAT GAA GGA GTT GAA TTC TTG AAA 835 
Arg Gly Leu He Leu Pro He Asn Asp Glu Gly Val Glu Phe Leu Lys 

155 160 165 

AGG ATT AAT TGC TTT GAT AAT TCA TGT TTA AAG AAA GAG GAT ATA AAG 883 
Arg lie Asn Cys Phe Asp Asn Ser Cys Leu Lys Lys Glu Asp He Lys 

170 175 180 

AAA TTA CTA TTA ATA CAA TAT TAT CAG CTA ACT TAG TGG AAG AAA GGT 931 
Lys Leu Leu Leu lie Gin Tyr Tyr Gin Leu Tbr Tyr Trp Lys Lys Gly 

185 190 195 

TAT CCA AAC TAT AGG AGA TTT TTC GCA GTA AAT GAT TTG ATA GCT GTT 979 
Tyr Pro Asn Tyr Arg Arg Phe Phe Ala Val Asn Asp Leu He Ala Val 
200 ' 205 210 215 

AGG GTA GAA TTG GAT GAA GTA TTT AGA GAG TCC CAT GAG ATA ATT GCT 1027 

- A r g V a 1- -G 1 u L e-u -A s p G 1 u - V a 1 Phe- A r g Glu S e r Hi s G 1 u lie 1 1 e Ala 

220 225 230 

AAG CTA CCA GTT GAC GGT TTA AGA ATT GAC CAC ATA GAT GGA CTA TAT 1075 
Lys Leu Pro Val Asp Gly Leu Arg He Asp His He Asp Gly Leu Tyr 

235 240 245 

AAC CCT AAG GAG TAT TTA GAT AAG CTA AGA CAG TTA GTA GGA AAT GAT 1123 
Asn Pro Lys Glu Tyr Leu Asp Lys Leu Arg Gin Leu Val Gly Asn Asp 

250 ' 255 260 

AAG ATA ATA TAC GTA GAG AAG ATA. TTG TCA ATC AAC GAG AAA TTA AGA 1171 
Lys lie He Tyr Val Glu Lys He Leu Ser He Asn Glu Lys Leu Arg 
265 270 275 
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GAT GAT TGG AAA GTA GAT GGG ACT ACT GGA TAT GAT TTC TTG AAC TAC 1219 

Asp Asp Trp Lys Val Asp Gly Thr Thr Gly Tyr Asp Phe Leu Asn Tyr 

280 285 290 295 

GTT AAT ATG CTA TTA GTA GAT GGA AGT GGT GAG GAG GAG TTA ACT AAG 1267 

Val Asn Met Leu Leu Val Asp Gly Ser Gly Glu Glu Glu Leu Thr Lys 

300 305 310 

TTT TAT GAG AAT TTC ATT GGA AGG AAA ATC AAT ATA GAC GAG TTA ATA 1315 

Phe Tyr Glu Asn Phe lie Gly Arg Lys He Asn lie Asp Glu Leu He 

315 320 325 

ATA CAA AGT AAA AAA TTA GTT GCA AAT CAG TTA TTT AAA GGT GAC ATT 1363 

lie Gin Ser Lys Lys Leu Val Ala Asn Gin Leu Phe Lys Gly Asp He 

330 335 340 

GAA AGA TTA AGC AAG TTA CTG AAC GTT AAT TAC GAT TAT TTA GTA GAT 1411 

Glu Arg Leu Ser Lys Leu Leu Asn_Val_Asn Tyr Asp Tyr Leu Val Asp . „ 

345 350 355 

TTT CTA GCA TGT ATG AAA AAA TAC AGG ACT TAT TTA CCA TAT GAG GAT 1459 

Phe Leu Ala Cys Met Lys Lys Tyr Arg Thr Tyr Leu Pro Tyr Glu Asp 

360 365 370 375 

ATT AAC GGA ATA AGG GAA TGC GAT AAG GAG GGA AAG TTA AAA GAT GAA 1507 

lie Asn Gly He Arg Glu Cys Asp Lys Glu Gly Lys Leu Lys Asp Glu 

380 - 385 390 

AAG GGA ATC ATG AGA CTC CAA CAA TAC ATG CCA GCA ATC TTC GCT AAG 1555 

Lys Gly lie Met Arg Leu Gin Gin Tyr Met Pro Ala lie Phe Ala Lys 

395 400 405 
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GGC TAT GAG GAT ACT ACC CTC TTC ATC TAC AAT AGA TTA ATT TCC CTT 1603 
Gly Tyr Glu Asp Thr Thr Leu Phe He Tyr Asn Arg Leu He Ser Leu 

410 415 420 

AAC GAG GTT GGG AGC GAC CTA AGA AGA TTC AGT TTA AGC ATC AAA GAC 1651 
Asn Glu Val Gly Ser Asp Leu Arg Arg Phe Ser Leu Ser He Lys Asp 

425 430 435 

TTT CAT AAC TTT AAC CTA AGC AGA GTA AAT ACC ATA TCA ATG AAC ACT 1699 
Phe His Asn Phe Asn Leu Ser Arg Val Asn Thr He Ser Met Asn Thr 
440 445 450 455 

CTT TCC ACT CAT GAT ACT AAA TTC AGT GAA GAC GTT AGA GCT AGA ATA 1747 
Leu Ser Thr His Asp Thr Lys Phe Ser Glu Asp Vat Arg Ala Arg He 

'460 465 470 

TCA GTA CTA TCT GAG ATA CCA AAG GAG TGG GAG GAG AGG GTA ATA TAC 1795 
-Ser Val Leu -Ser Glu I le-Pro Lys Glu Trp Glu Glu Arg Val He Tyr 

475 480 485 

TGG CAT GAT TTG TTA AGG CCA AAT ATT GAT AAA AAC GAT GAG TAT AGA 1843 
Trp His Asp Leu Leu Arg Pro Asn He Asp Lys Asn Asp Glu Tyr Arg 

490 495 500 

TTT TAT CAA ACA CTT GTG GGA AGT TAC GAG GGA TTT GAT AAT AAG GAG 1891 
Phe Tyr Gin Thr Leu Val Gly Ser Tyr Glu Gly Phe Asp Asn Lys Glu 

505 51'ff 515 

AGA ATT AAG AAC CAC ATG ATT AAG GT.C ATA AGA GAA GCT AAG GTA CAT 1939 
Arg He Lys Asn His Met He Lys Val He Arg Glu Ala Lys Va! His 
520 525 530 535 
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ACA ACG TGG GAA AAT OCT AAT ATA GAG TAT GAA AAG AAG GTT CTG GGT 1987 

Thr Thr Trp Gin Asn Pro Asn He Glu Tyr Glu Lys Lys Val Leu Gly 

540 545 550 

TTC ATA GAT GAA GTG TTC GAG AAC AGT AAT TTT AGA AAT GAT TTT GAA 2035 

P h e He Asp Glu Val Phe Glu Asn Ser Asn Phe Arg Asn Asp Phe Glu 

555 560 565 

AAT TTT GAA AAG AAA ATA GTT TAT TTC GGT TAT ATG AAA TCA TTA ATC 2083 

Asn Phe Glu Lys Lys He Val Tyr Phe Gly Tyr Met Lys Ser Leu He 

570 575 580 

GCA ACG ACA CTT AGG TTC CTT TCG CCC GGT GTA CCA GAT ATT TAT CAA 2131 

Ala Thr Thr Leu Arg Phe Leu Ser Pro Gly Val Pro Asp He Tyr Gin 

585 - 590 595 

GGA ACT GAA GTT TGG AGA TTC TTA CTT ACA GAC CCA GAT AAC AGA ATG 2179 

Gly Thr Glu Val Ty Arg Phe Leu Leu Thr As p Pro Asp Asn Arg Met __ .__ 

600 605 610 615 

CCG GTG GAT TTC AAG AAA CTA AAG GAA TTA TTA AAT AAT TTG ACT GAA 2227 

Pro Val Asp Phe Lys Lys Leu Lys Glu Leu Leu Asn Asn Leu Thr Glu 

620 625 630 

AAG AAC TTA GAA CTC TCA GAT CCA AGA GTC AAA ATG TTA TAT GTT AAG 2275 

Lys Asn Leu Glu Leu Ser Asp Pro Arg Val Lys Met Leu Tyr Val Lys 

635 640 645 

AAA TTG CTA CAG CTT AGA AGA GAG TAC TCA CTA AAC GAT TAT AAA CCA 2323 

Lys Leu Leu Gin Leu Arg Arg Glu Tyr Ser Leu Asn Asp Tyr Lys Pro 

650 655 660 
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TTG CCC TTT GGC TTC CAA AGG GGA AAA GTA GCT GTC CTT TTC TCA CCA 2371 

Leu Pro Phe Gly Phe Gin Arg Gly Lys Val Ala Val Leu Phe Ser Pro 

665 670 675 

ATA GTG ACT AGG GAG GTT AAA GAG AAA ATT AGT ATA AGG CAA AAA AGC 2419 

He Val Thr Arg Glu Val Lys Glu Lys lie Ser He Arg Gin Lys Ser 

680 685 690 695 

GTT GAT TGG ATC AGA AAT GAG GAA ATT AGT AGT GGA GAA TAC AAT TTA 2467 

Val Asp Trp lie Arg Asn Glu Glu lie Ser Ser Gly Glu Tyr Asn Leu 

700 705 710 

AGT GAG TTG ATT GGG AAG CAT AAA GTC GTT ATA TTA ACT GAA AAA AGG 2515 

Ser Glu Leu lie Gly Lys His Lys Val Val lie Leu Thr Glu Lys Arg 

- 715 720 725 
GAG TGAACTACCT ACATAGATTT ATTCTTGAAC TACTCTGGTC AGAAATGTAT 2568 

Glu _. . _.. __. ._ . _ _ _ - 

TACGCAGATC 2578 

W?m*% : 2 
Ir^iJOg^ : 7 2 8 

mm 

^cMa : Sul f o lobus solfataricus 
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Met lie He Gly Th r Tyr Arg Leu Glr, Leu Asn Lys Lys Phe Thr Ph e 

15 10 15 

Tyr Asp He He Glu Asn Leu Asp Tyr Phe Lys Glu Leu Gly V a 1 Ser 

20 25 30 

His Leu Tyr Leu Ser Pro He Leu Lys Ala Arg Pro Gly Ser Thr His 

35 40 45 

Gly Tyr Asp Val Val Asp His Ser Glu He Asn Glu Glu Leu Gly Gly 

50 55 60 

Glu Glu Gly Cys Phe Lys Leu Val Lys Glu Ala Lys Ser Arg Gly Leu 
65 - 70 75 80 

Glu lie He Gin Asp He Val Pro Asn His Met Ala Val His His Thr 

_ 85 _. _. 9.0 . ... _ _ 95. _ 

Asn Trp Arg Leu Met Asp Leu Leu Lys Ser Trp Lys Asn Ser Lys Tyr 

100 105 110 

Tyr Asn Tyr Phe Asp His Tyr Asp Asp Asp Lys He lie Leu Pro lie 

115 120 125 

Leu Glu Asp Glu Leu Asp Thr Val He Asp Lys Gly Leu He Lys Leu 

130 135 140 

Gin Lys Asp Asn He Glu Tyr Arg Gly Leu He Leu Pro He Asn Asp 
145 150 ... 155 160 

Glu Gly Val Glu Phe Leu Lys Arg He Asn Cys Phe Asp Asn Ser Cys 
165 170 175 
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Leu Lys Lys Giu Asp He Lys Lys Leu Leo Leu He Gin Tyr Tyr Gin 

180 185 190 

Leu Thr Tyr Trp Lys Lys Gly Tyr Pro Asn Tyr Ar g Arg Phe Phe Ala 

195 200 205 

Val Asn Asp Leu He Ala Val Arg Val Glu Leu Asp Glu Vai Phe Arg 

210 215 220 

Glu Ser His Glu lie He Ala Lys Leu Pro Val Asp Gly Leu Arg He 
225 230 235 .240 

Asp His He Asp Gly Leu Tyr Asn Pro Lys Glu Tyr Leu Asp Lys Leu 

245 250 255 

Arg Gin Leu Val Gly Asn Asp Lys lie He Tyr Val Glu Lys He Leu 

- 260 265 270 

Ser He Asn Glu Lys Leu Arg Asp Asp Trp Lys Val Asp Gly Thr Thr 

-- 275 " 280 - - - 285- .... - 

-Gly Tyr Asp Phe Leu Asn Tyr Val Asn Met Leu Leu Val Asp Gly Ser 

290 295 300 

Gly Glu Glu Glu Leu Thr Lys Phe Tyr Glu Asn Phe He Gly Arg Lys 
305 310 315 320 

He Asn lie Asp Glu Leu He He Gin Ser Lys Lys Leu Val Ala Asn 

325 330 335 

Gin Leu Phe Lys Gly Asp lit Glu Arg Leu Ser Lys Leu Leu Asn Val 

340 ... .345 350 

Asn Tyr Asp Tyr Leu Val Asp Phe Leu Ala Cys Met Lys Lys Tyr Arg 
355 360 365 
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Thr Tyr Leu Pro Tyr GIu Asp He Asn Gly He Arg Glu Cys Asp Lys 

370 375 380 

Gh Gly Lys Leu Lys Asp Glu Lys Gly He Met Arg Leu Gin Gin Tyr 
385 390 395 400 

Met Pro Ala He Phe Ala Lys Gly Tyr Glu Asp Thr Thr Leu Ph e He 

405 410 415 

Tyr Asn Arg Leu lie Ser Leu Asn Glu Val Gly Ser Asp Leu Arg Arg 

420 425 430 

Phe Ser Leu Ser lie Lys Asp Phe His Asn Phe Asn Leu Ser Arg Val 

435 440 445 

Asn Thr He Ser Met Asn Thr Leu Ser Thr His Asp Thr Lys Phe Ser 

450 - 455 460 

Glu Asp Val Arg Ala Arg He Ser Val Leu Ser Glu He Pro Lys Glu 
465 .__„_„. 470 _ . _475 _ __ 480 

Trp Glu Glu Arg Val He Tyr Trp His Asp Leu Leu Arg Pro Asn He 

485 490 495 

Asp Lys Asn Asp Glu Tyr Arg Phe Tyr Gin Thr Leu Val Gly Ser Tyr 

500 505 510 

Glu Gly Phe Asp Asn Lys Glu Arg lie Lys Asn His Met He Lys Val 

515 520 525 

He Arg Glu Ala Lys Val His Thr Thr Trp Glu Asn Pro Asn lie Glu 

530 535 .... 540 

Tyr Glu Lys Lys Yal Leu Gly Phe He Asp Glu Val Phe Glu Asn Ser 
545 550 555 560 
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Asn Phe Ar g Asn Asp Phe Glu Asa Phe Glu Lys Lys He V a I Tyr Phe 

565 570 575 

Gly Tyr Met Lys Ser Leu He Ala Thr Thr Leu Arg Phe Leu Ser Pro 

580 585 590 

Gly Val Pro Asp He Tyr Gin Gly Thr Glu Val Trp Arg Phe Leu Leu 

595 600 605 

Thr Asp Pro Asp Asn Arg Met Pro Val Asp Phe Lys Lys Leu Lys Glu 

610 615 620 

Leu Leu Asn Asn Leu Thr Glu Lys Asn Leu Glu Leu Ser Asp Pro Arg 
625 630 635 640 

Val Lys Met Leu Tyr Val Lys Lys Leu Leu Gin Leu Arg Arg Glu Tyr 

645 650 .655 

Ser Leu Asn Asp Tyr Lys Pro Leu Pro Phe Gly Phe Gin Arg Gly Lys 

._ 660-.. — - 665 — - 610 
Val Ala Val Leu Phe Ser Pro He Val Thr Arg Glu Val Lys Glu Lys 

675 680 685 

lie Ser He Arg Gin Lys Ser Val Asp Trp He Arg Asn Glu Glu He 

690 695 700 

Ser Ser Gly Glu Tyr Asn Leu Ser Glu Leu He Gly Lys His Lys Val 
705 710 715 720 

Val He Leu Thr Glu Lys Arg Glu 

725 ... . 
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S^IJ^-t : 3 
E?lJ<DS£ : 3 4 6 7 
1E?|J©M : 

■. -*« 

I£?iJ©§g§ : Genomic DN A 

mm 

£M '■ Su 1 fo 1 obus acidocaldarius 
ftg: ATCC 3 3 9 0 9** 

GCTAATAAAC TGAACAATGA GGACGGAATG AATGAAAATT ATAGCTGGAA TTGTGGAGTA 60 

GAAGGAGAAA CTAAGGATTC TAATATTCTT TATTGTAGAG AAAAACAAAG AAGAAATTTT 120 

GTAATAACAT TATTTGTTAG CCAAGGTATA CCAATGATCT TAGGGGGAGA CGAAATAGGA 180 

AGAACACAAA AAGGCAACAA TAATGCTTTT. TGTCAGGATA_ ATGAGACAAG TTGGTATGAT _ 240 

TGGAACCTTG ATGAAAATCG TGTAAGGTTT CATGATTTTG TGAGGAGACT TACCAATTTT 300 

TATAAAGCTC ATCCGATATT TAGGAGGGCT AGATATTTTC AGGGTAAGAA GTTACACGGT 360 

TCCCCATTAA AGGATGTGAC GTGGCTAAAA CCTGACGGCA ATGAAGTTGA TGATTCAGTG 420 

TGGAAATCTC CAACAAATCA TATTATTTAT ATATTAGAGG GAAGTGCTAT CGATGAAATA 480 

AATTATAATG GAGAAAGGAT AGCTGACGAC ACTTTTCTAA TTATTTTGAA TGGAGCAAGT 540 

ACTAATCTTA AGATAAAAGT ACCTCATGGA AAATGGGAGT TAGTGTTACA TCCTTATCCA 600 

CATGAGCCAT CTAACGATAA AAAGATAATA GAAAACAACA AAGAAGTAGA AATAGATGGA 660 

AAGACTGCAC TAATTTACAG GAGGATAGAG TTCCAGTGAT ATCAGCAACC TACAGATTAC 720 

AGTTAAATAA GAATTTTAAT TTTGGTGACG TAATCGATAA CCTATGGTAT TTTAAGGATT 780 
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TAGGAGTTTC CCATCTCTAC CTCTCTCCTG TCTTA ATG GCT TCG CCA GGA AGT AAC 836 

Met Ala Ser Pro Gly Ser Asn 
1 5 

CAT GGG TAC GAT GTA ATA GAT CAT TCA AGG ATA AAC GAT GAA CTT GGA 884 
His Gly Tyr Asp Val He Asp His Ser Arg lie Asn Asp Gin Leu Gly 

10 15 20 

GGA GAG AAA GAA TAC AGG AGA TTA ATA GAG ACA GCT CAT ACT ATT GGA 932 
Gly Gin Lys Glu Tyr Arg Afg Leu He Gin Thr Ala His Thr He Gly 

25 • 30 35 

TTA GGT ATT ATA CAG GAC ATA GTA CCA AAT CAC ATG GCT GTA AAT TCT 980 
Leu Gly He He Gin Asp He Val Pro Asn His Met Ala Val Asn Ser 
40 ' 45 50 55' 

CTA AAT TGG CGA CTA ATG GAT GTA TTA AAA ATG GGT AAA AAG AGT AAA 1028 
Leu. Asn Tr.p Arg. Leu. Me t Asp. Val. Leu. Lys Met Gly Lys Lys Ser Lys - - 

60 65 70 

TAT TAT ACG TAC TTT GAC TTT TTC CCA GAA GAT GAT AAG ATA CGA TTA 1076 
Tyr Tyr Thr Tyr Phc Asp Phe Phe Pro Glu Asp Asp Lys lie Arg Leu 

75 80 85 

CCC ATA TTA GGA GAA GAT TTA GAT ACA GTG ATA AGT AAA GGT TTA TTA 1124 
Pro lie Leu Gly Glu Asp Leu Asp Thr Val He Ser Lys Gly Leu Leu 

90 " 95 100 

AAG ATA GTA AAA GAT GGA GAT GAA TAT TTC CTA GAA TAT TTC AAA TGG 1172 
Lys lie Val Lys Asp Gly Asp Glu Tyr Phe Leu Glu Tyr Phe Lys Trp 
105 110 115 
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AAA CTT CCT CTA ACA GAG GTT GGA AAT GAT ATA TAC GAC ACT TTA CAA 1220 

Lys Leu Pro Leu Thr Glu Val Gly Asn Asp lie Tyr Asp Thr Leu Gin 

120 125 130 135 

AAA CAG AAT TAT ACC CTA ATG TCT TGG AAA AAT CCT CCT AGC TAT AGA 1268 

Lys Gin Asn Tyr Thr Leu Met Ser Trp Lys Asn Pro Pro Ser Tyr Arg 

HO 145 150 

CGA TTC TTC GAT GTT AAT ACT TTA ATA GGA GTA AAT GTC GAA AAA GAT 1316 

Arg Phe Phe Asp Val Asn Thr Leu He Gly Val Asn Val Glu Lys Asp 

155 160 165 

CAC GTA TTT CAA GAG TCC CAT TCA AAG ATC TTA GAT TTA GAT GTT GAT 1364 

His Val Phe Gin Glu Ser His Ser Lys He Leu Asp Leu Asp Val Asp 

170 175 180 

GGC TAT AGA ATT GAT CAT ATT GAT GGA TTA TAT GAT CCT GAG AAA TAT 1412 

Gly Tyr Arg He Asp H i s He Asp _G 1 y Leu Tyr Asp Pro Glu LysTyr _ 

185 190 195 

ATT AAT GAC CTG AGG TCA ATA ATT AAA AAT AAA ATA ATT ATT GTA GAA 1460 

He Asn Asp Leu Arg Ser He He Lys Asn Lys He lie lie Val Glu 

200 205 210 215 

AAA ATT CTG GGA TTT CAG GAG GAA TTA AAA TTA AAT TCA GAT GGA ACT 1508 

Lys He Leu Gly Phe Gin Glu Glu Leu Lys Leu Asn Ser Asp Gly Thr 

220 • 225 230 

ACA GGA TAT GAC TTC TTA AAT TAC TCC AAC TTA CTG TTT AAT TTT AAT 1556 

Thr Gly Tyr Asp Phe Leu Asn Tyr Ser Asn Leu Leu Phe Asn Phe Asn . 

235 240 245 
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CAA GAG ATA ATG GAC AGT ATA TAT GAG AAT TTC ACA GCG GAG AAA ATA 1604 

Gin Glu He Met Asp Ser He Tyr Glu Asn Phe Thr Ala Glu Lys He 

250 255 260 

TCT ATA AGT GAA AGT ATA AAG AAA ATA AAA GCG CAA ATA ATT GAT GAG 1652 

Ser He Ser Glu Ser He Lys Lys He Lys Ala Gin He He Asp Glu 

265 270 275 

CTA TTT AGT TAT GAA GTT AAA AGA TTA GCA TCA CAA CTA GGA ATT AGC 1700 

Leu Phe Ser Tyr Glu Va 1 Lys Arg Leu Ala Ser Gin Leu Gly He Ser 

280 285 290 295 

TAC GAT ATA TTG AGA GAT TAC CTT TCT TGT ATA GAT GTG TAC AGA ACT 1748 

Tyr Asp He Leu Arg Asp Tyr Leu Ser Cys He Asp Val Tyr Arg Thr 

300 305 310 

TAT GCT AAT CAG ATT GTA AAA GAG TGT GAT AAG ACC AAT GAG ATA GAG 1796 

Tyr Aja Asn Gl.n.JJ e Val .Lys Glu Cys- Asp Lys- Tfa-r -Asn- Glu He Glu 

315 320 325 

GAA GCA ACC AAA AGA AAT CCA GAG GCT TAT ACT AAA TTA CAA CAA TAT 1844 

Glu Ala Thr Lys Arg Asn Pro Glu Ala Tyr Thr Lys Leu Gin Gin Tyr 

330 335 340 

ATG CCA GCA GTA TAC GCT AAA GCT TAT GAA GAT ACT TTC CTC TTT AGA 1892 

Met Pro Ala Val Tyr Ala Lys Ala Tyr Glu Asp Thr Phe Leu Phe Arg 

34 5 3 5(T- 355 

TAC AAT AGA TTA ATA TCC ATA AAT. GAG" GTT GGA AGC GAT TTA CGA TAT 1940 

Tyr Asn Arg Leu He Ser He Asn Glu Val Gly Ser Asp Leu Arg Tyr 

360 365 370 375 
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TAT AAG ATA TCG CCT GAT CAG TTT CAT GTA TTT AAT CAA AAA CGA AGA 1988 

Tyr Lys lie Ser Pro Asp Gin Phe His Val P h e Asa Gin Lys Arg Arg 

380 385 390 

GGA AAA ATC ACA CTA AAT GCC ACT AGC ACA CAT GAT ACT AAG TTT AGT 2036 

Gly Lys lie Thr Leu Asn Ah Thr Ser Tar His Asp Thr Lys Phe Ser 

395 400 405 

GAA GAT GTA AGG ATG AAA ATA AGT GTA TTA AGT GAA TTT CCT GAA GAA 2084 

Glu Asp Val Arg Met Lys He Ser Val Leu Ser Gin Phe Pro Glu Glu 

410 415 420 

TGG AAA AAT AAG GTC GAG GAA TGG CAT AGT ATC ATA AAT CCA AAG GTA 2132 

\ 

Trp Lys Asn Lys|ValJjju Gl u Trp His, Ser lie lie Asn Pro Lys? Val 

425 - 430 435 

TCA AGA AAT GAT GAA TAT AGA TAT TAT CAG GTT TTA GTG GGA AGT TTT 2180 

Ser Arg Asn "ATp "Glu Tyr Arg Tyr Ty~r~GTn Val Leu Val Gly S"eT"Ph"e 

440 445 450 455 

TAT GAG GGA TTC TCT AAT GAT TTT AAG GAG AGA ATA AAG CAA CAT ATG 2228 

Tyr Glu Gly Phe Ser Asn Asp Phe Lys Glu Arg He Lys Gin His Met 

460 465 470 

ATA AAA AGT GTC AGA GAA GCT AAG ATA AAT ACC TCA TGG AGA AAT CAA 2276 

He Lys Ser Val Arg Glu Ala Lys He Asn Thr Ser Trp Arg Asn Gin 

475 • 480 485 

AAT AAA GAA TAT GAA AAT AGA GTA ATG GAA TTA GTG GAA GAA ACT TTT 2324 

Asn Lys Glu Tyr Glu Asn Arg Val Met Glu Leu Val Glu Glu Thr Phe 

490 495 500 
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ACC AAT AAG GAT TTC ATT AAA ACT TTC ATG AAA TTT GAA AGT AAG ATA 2372 

Thr Asn Lys Asp Ph e He Lys Ser Phe Met Lys Ph e Glu Ser Lys He 

505 510 515 

AGA AGG ATA GGG ATG ATT AAG AGC TTA TCC TTG GTC GCA TTA AAA ATT 2420 

Arg Arg He Gly Met He Lys Ser Leu Ser Leu Val Ala Leu Lys He 

520 525 530 535 

ATG TCA GCC GGT ATA CCT GAT TTT TAT CAG GGA ACA GAA ATA TGG CGA 2468 

Met Ser Ala Gly He Pro Asp Phe Tyr Gin Gly Thr Glu He Trp Arg 

540 545 550 

TAT TTA CTT ACA GAT CCA GAT AAC AGA GTC CCA GTG GAT TTT AAG AAA 2516 

Tyr Leu Leu Thr Asp Pro Asp Asn Arg Val Pro Val Asp Phe Lys Lys 

555 560 565 

TTA CAC GAA ATA TTA GAA AAA TCC AAA AAA TTT GAA AAA AAT ATG TTA 2564 

Leu His Glu lie Leu Glu Lys Ser Lys Lys Phe" Glu'Lys "Asn Met L"e"u 

570 575 580 

GAG TCT ATG GAC GAT GGA AGA ATT AAG ATG TAT TTA ACA TAT AAG CTT 2612 

Glu Ser Met Asp Asp Gly Arg He Lys Met Tyr Leu Thr Tyr Lys Leu 

585 590 595 

TTA TCC CTA AGA AAA CAG TTG GCT GAG GAT TTT TTA AAG GGC GAG TAT 2660 

Leu Ser Leu Arg Lys Gin Leu Ala Glu Asp Phe Leu Lys Gly Glu Tyr 

600 605 • 610 615 

AAG GGA TTA GAT CTA GAA GAA GGA CTA TGT GGG TTT ATT AGG TTT AAC 2708 

Lys Gly Leu Asp Leu Glu Glu Gly Leu Cys Gly Phe lie Arg Phe Asn 

620 625 630 
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AAA ATT TTG GTA ATA ATA AAA ACC AAG GGA AGT GTT AAT TAC AAA CTG 2756 
Lys He Leu Val He He Lys Thr Lys Gly Ser Val Asn Tyr Lys Leu 

635 640 645 

AAA CTT GAA GAG GGA GCA ATT TAC ACA GAT GTA TTG ACA GGA GAA GAA 2804 
Lys Leu Glu Glu Gly Ala He Tyr Thr Asp Val Leu Thr Gly Glu G I u 

650 655 660 

ATT AAA AAA GAG GTA CAG ATT AAT GAG CTA CCT AGG ATA CTA GTT AGA 2852 
lie Lys Lys Glu Val Gin He Asn Glu Leu Pro Arg He Leu Val Arg 

665 670 675 

ATG TAAGTTATAA TAATCCGATT TTTATGTGAC AAGATTTACG CTTACGAAAA 2905 
Met 
680 

GGACTGTTAA ATCAACTTTT ATGTGAATTA TGAAACGTAA ATTATAAGTT TCCTGAGGAT 2965 

AAACATATAT ATCTCTATCT CTCATTGATA TCACATGAGT -ATTAGATTAA -GGGGAAGTAA -- 3025 

TTCTTACGGA CATTCAGGCT GGTTTACAGT ATACTGTAGA ATATGTAATA GGAAAATAAG 3085 
AATAGGAACG GACTTAGTCT ACAAATGCCC TAAATGTGAA AAGAAGTATA ACGCATTCTT 3145 
CTGTGAAGCA GATGCTAGGG GATTAAAGAA AAAGTGCCCA TACTGTGGTA CTGAACTTGT 3205 
CAGTGCAATT TAAGACTCAA ATAGAAGGTA AAAATATTTT TATACTGAAT AATGAGTTGT 3265 
TTTACGCTGA TACGGATATA GTTATTCGAA ATCAAGATTT TATTAAGAAA CTCACCTTTA 3325 
CACAATATAA TAAGATTGCC TATATTGACA TGGACATAGA AACGACAGAA TTTAAGATAT 3385 
TAAGATTAGT AGTGTGTAAA ACTACAATAA ATATTTATGT TTGCAACGTA ATTGGTAAAT 3445 
TGAAAGAAAC TAATTTTGAA AA . . 3467 
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EWW" : 4 

W2l\<D&£ : 6 8 0 

m<D& : -MM 

£MS : Sul folobus acidocaldarius 
j*^: ATCC 3 39 0 9& 

Met Ala Ser Pro Gly Ser Asn His Gly Tyr Asp Val He Asp His Ser 

1-5 10 15 

Arg He Asn Asp Glu Leu Gly Gly Glu Lys Glu Tyr Arg Arg Leu lie 

_ _ . _ _ . 20. ... - 25 30 

Glu Thr Ala His Thr lie Gly Leu Gly He He Gin Asp He Yal Pro 

35 40 45 

Asn His Met Ala Val Asn Ser Leu Asn Trp Arg Leu Met Asp Val Leu 

50 55 60 

Lys Met Gly Lys Lys Ser Lys Tyr Tyr Thr Tyr Phe Asp Phe Phe Pro 

65 70 75 80 

Glu Asp Asp Lys He Arg Leu-Pro lie Leu Gly Glu Asp Leu Asp Thr 

85 ... 90 95 

Val He Ser Lys Gly Leu Leu Lys lie Val Lys Asp Gly Asp Glu Tyr 

1 00 105 1 1 0 
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Phe Leu G I u Tyr Phe Lys Trp Lys Leu Pro Leu Thr Glu Val Gly Asn 

115 120 125 

Asp He Tyr Asp Thr Leu Gin Lys Gin Asn Tyr Thr Leu Met Ser Trp 

130 135 140 

Lys Asn Pro Pro Ser Tyr Arg Arg Phe Phe Asp Val Asn Thr Leu He 

145 150 155 160 

Gly Val Asn Val Glu Lys Asp His Val Phe Gin Glu Ser His Ser Lys 

165 170 175 

He Leu Asp Leu Asp Val Asp Gly Tyr Arg lie Asp His lie Asp Gly 

180 185 190 

Leu Tyr Asp Pro Glu Lys Tyr lie Asn Asp Leu Arg Ser He He Lys 

195 200 205 

Asn Lys He He He Val Glu Lys lie Leu Gly Phe Gin Glu Glu Leu 

210- — . 215 _ - 220 

Lys Leu Asn Ser Asp Gly Thr Thr Gly Tyr Asp Phe Leu Asn Tyr Ser 

225 230 235 240 

Asn Leu Leu Phe Asn Phe Asn Gin Glu lie Met Asp Ser He Tyr Glu 

245 250 255 

Asn Phe Thr Ala Glu Lys He Ser lie Ser Glu Ser He Lys Lys He 

260 265 270 

Lys Ala Gin He He Asp GU Leu Phe Ser Tyr Glu Val Lys Arg Leu 

275 280 285 

Ala Ser Gin Leu Gly He Ser Tyr Asp He Leu Arg Asp Tyr Leu Ser 

290 295 300 
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Cys lie Asp Val Tyr Arg Thr Tyr Ala Asn Gin He Val Lys Glu Cys 
305 310 315 320 

Asp Lys Thr Asn Glu lie Glu Glu Ala Thr Lys Arg Asn Pro Glu Ala 

325 330 335 

Tyr Thr Lys Leu Gin Gin Tyr Met Pro Ala Val Tyr Ala Lys Ala Tyr 

340 345 350 

Glu Asp Thr Phe Leu Phe Arg Tyr Asn Arg Leu lie Ser lie Asn Glu 

355 360 365 

Val Gly Ser Asp Leu Arg Tyr Tyr Lys lie Ser Pro Asp Gin Phe His 

370 375 380 

Val Phe Asn Gin Lys Arg Arg Gly Lys He Thr Leu Asn Ala Thr Ser 
385 390 395 400 

Thr His Asp Thr Lys Phe Ser Glu Asp Val Arg Met Lys He Ser Val 

.. ... — - 405 . - 410 -- - - 415 - -■- 

Leu Ser Glu Phe Pro Glu Glu Trp Lys Asn Lys Val Glu Glu Trp His 

420 425 430 

Ser He He Asn Pro Lys Val Ser Arg Asn Asp Glu Tyr Arg Tyr Tyr 

435 440 445 

Gin Val Leu Val Gly Ser Phe Tyr Glu Gly Phe Ser Asn Asp Phe Lys 

450 455 460 

Glu Arg He Lys Gin His Met He Lys Ser Val Arg Glu Ala Lys He 
465 470 ... 475 480 

Asn Thr Ser Trp Arg Asn Gin Asn Lys Glu Tyr Glu Asn Arg Val Met 
485 490 495 
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Glu Leu Val Glu Glu Th r Phe Thr As n Lys Asp Phe He Lys Ser Phe 

500 505 510 

Met Lys Phe Glu Ser Lys lie Arg Arg He Gly Met lie Lys Ser Leu 

515 520 525 

Ser Leu Val Ala Leu Lys He Met Ser Ala Gly He Pro Asp Phe Tyr 

530 535 540 

Gin Gly Thr Glu He Trp Arg Tyr Leu Leu Thr Asp Pro Asp Asn Arg 
545 550 555 560 

Val Pro Val Asp Phe Lys Lys Leu His Glu He Leu Glu Lys Ser Lys 

565 570 575 

Lys Phe Glu Lys Asn Met Leu Glu Ser Met Asp Asp Gly Arg He Lys 

- 580 585 590 

Met Tyr Leu Thr Tyr Lys Leu Leu Ser Leu Arg Lys Gin Leu Ala Glu 

_ 5 95 _ . 6 00 6 05 _. - .- 

Asp Phe Leu Lys Gly Glu Tyr Lys Gly Leu Asp Leu Glu Glu Gly Leu 

610 615 620 

Cys Gly Phe He Arg Phe Asn Lys He Leu Val lie He Lys Thr Lys 
625 630 635 640 

Gly Ser Val Asn Tyr Lys Leu Lys Leu Glu Glu Gly Ala lie Tyr Thr 

645 650 655 

Asp Val Leu Thr Gly Glu Glu- lie Lys Lys Glu Val Gin He Asn Glu 

660 . 665 670 

Leu Pro Arg He Leu Va! Arg Met 
675 680 
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mm^r : 5 

BS?iJ©g£ : 2 6 9 1 

m&XDW. : mm 

I£?iJ©Si$! : Genomic DN A 

: Su 1 fo 1 obus sol fataricus 
»g:KMl 

CTGCAGTAAC TAGCGCTATC GAAGACGTTA TAAAGAGAAG GATAAATAGA GTTCCAGTGA 60 

GTCTAGAAGA CCTTTTTGAA TAAGGACTTT AATATCATTT AAATTTATTT TTTGGAACAT 120 

GCAGAGGTAA ACCCATGAAT GTCATTTTCG ACGTATTAAA CGAGATCCAT GGGTTTTTTG 180 

GTGCATTGTG GGCGGGAGCA GCTCTACTTA ACTACTTAGT TAAGCCTCAA GATAAGAGGC 240 

AATTTGAGAG AATAGGGAAA TTCTTCATGA TAAACTCAGT CATTACAGTA ATAACTGGGA 300 

TAATAATTTT CGCCTACATT TACCTAGCCC CTTATCAAGG GAATTTATTT CTAGTAGCGG 360 

CAATTCTACG TTCAAGCCTT GACATTAGGT TAAGGGCCTT ACTAAACTTA ATAGGAGGAG 420 

CGTTTGGGTT ATTGGCTTTT GGGGCAGGGA TAGTTATAAG CAATAGGATA AGGCTTATGG 480 

TACGTGTTAA GGAAGGTGAC GCTACAATCC TAGAGTTGAG GAATAGTATT GCCAATTTAT 540 

CTAAAATTAG TTTAATCTTC TTATTACTTT CCTTAGCCAT GATGATACTT GCTGGTTCCA 600 

TAGCACAAGT TATAAGTTAG AGTTG-AAAGA AAAATTTA ATG ACG TTT GCT TAT AAA 656 

Met Thr Phe Ala Tyr Lys 
0 1 5 
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ATA GAT GGA AAT GAG GTA ATC TTT ACC TTA TGG GCA CCT TAT CAA AAG 704 

lie Asp Gly Asn Glu Val He Phe Thr Leu Trp Ala Pro Tyr Gin Lys 

10 15 20 

AGC GTT AAA CTA AAG GTT CTA GAG AAG GGA CTT TAC GAA ATG GAA AGA 752 

Ser Val Lys Leu Lys Val Leu Glu Lys Gly Leu Tyr Glu Met Glu Arg 

25 30 35 

GAT GAA AAA GGT TAC TTC ACC ATT ACC TTA AAC AAC GTA AAG GTT AGA 800 

Asp Glu Lys Gly Tyr Phe Thr He Thr Leu Asn Asn Val Lys Val Arg 

40 45 50 

GAT AGG TAT AAA TAC GTT TTA GAT GAT GCT AGT GAA ATA CCA GAT CCA 848 

Asp Arg Tyr Lys Tyr Val Leu Asp Asp Ala Ser Glu lie Pro Asp Pro 

55 , 60 65 

GCA TCC AGA TAC CAA CCA GAA GGT GTA CAT GGG CCT TCA CAA ATT ATA 896 

Ala Ser Arg Tyr Gin Pro Glu Gly Val His Gly Pro Ser Gin lie lie 

- 70 75 80 85 

CAA GAA AGT AAA GAG TTC AAC AAC GAG ACT TTT CTG AAG AAA GAG GAC 944 

Gin Glu Ser Lys Glu Phe Asn Asn Glu Thr Phe Leu Lys Lys Glu Asp 

90 95 100 

TTG ATA ATT TAT GAA ATA CAC GTG GGG ACT TTC ACT CCA GAG GGA ACG 992 

Leu lie lie Tyr Glu lie His Val Gly Thr Phe Thr Pro Glu Gly Thr 

105 . 110 115 

TTT GAG GGA GTG ATA AGG AAA CTT GAC TAC TTA AAG GAT TTG GGA ATT 1040 

Phe Glu Gly Val lie Arg Lys Leu Asp Tyr Leu Lys Asp Leu Gly He 

120 125 130 
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ACG GCA ATA GAG ATA ATG CCA ATA GCT CAA TTT CCT GGG AAA AGG GAT 1088 
Thr Ala He G 1 u He Met Pro He Ala Gin Phe Pro G 1 y Lys Arg Asp 

135 140 145 

TGG GGT TAT GAT GGA GTT TAT TTA TAT GCA GTA CAG AAC TCT TAC GGA 1136 
Trp Gly Tyr Asp Gly Val Tyr Leu Tyr Ala Yal Gin As n Ser Tyr Gly 
150 155 160 165 

GGG CCA GAA GGT TTT AGA AAG TTA GTT GAT GAA GCG CAC AAG AAA GGT 1184 
Gly Pro Glu Gly Phe Arg Lys Leu Val Asp Glu Ala His Lys Lys Gly 

170 1T5 180 

TTA GGA GTT ATT TTA GAC GTA GTA TAC AAC CAC GTT GGA CCA GAG GGA 1232 
Leu Gly Yal He Leu Asp Val Val Tyr Asn His Val Gly Pro Glu Gly 

185 190 195 

AAC TAT ATG GTT AAA TTG GGG CCA TAT TTC TCA CAG AAA TAC AAA ACG 1280 
Asn Tyr Met Val Lys Leu Gly Pro Tyr Phe Ser Gin Lys Tyr Lys Thr 

200 " ~ 205"" 210 

CCA TGG GGA TTA ACC TTT AAC TTT GAC GAT GCT GAA AGC GAT GAG GTT 1328 
Pro Trp Gly Leu Thr Phe Asn Phe Asp Asp Ala Glu Ser Asp Glu Val 

215 220 225 

AGG AAG TTC ATC TTA GAA AAC GTT GAG TAC TGG ATT AAG GAA TAT AAC 1376 
Arg Lys Phe He Leu Glu Asn Val Glu Tyr Trp He Lys Glu Tyr Asn 
230 235 • 240 245 

GTT GAT GGG TTT AGA TTA GAT GCG GTT CAT GCA ATT ATT GAC ACT TCT 1424 
Val Asp Gly Phe Arg Leu Asp Ala Val His Ala He He Asp Thr Ser 
250 255 260 
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CCT AAG 
Pro Ly s 

AGG ATT 
Arg He 

CCC AAG 
Pro Lys 
295 
TTC CAT 
Phe His 
310 

TAT ACG 
Tyr Thr 

GTT TTC 
Val Phe 

GGA GAA 
Gly G 1 u 

CAA AAT 
Gin Asn 
375 



CAC ATC TTG GAG 
His He Leu Glu 
265 

GTC ATA GCC GAA 
Val He Aia Glu 
280 

GAA AAG TGT GGA 
Glu Lys Cys Gly 



CAT TCT 
His Ser 

GAT TTC 
Asp Phe 

GTA TAT 
Val Tyr 
345 
CCA GTT 
Pro Val 
360 

CAC GAT 
His Asp 



ATT CAC 
He His 
315 
GGT AAC 
Gly Asn 
330 

GAT GGT 
Asp Gly 

GGT GAA 
Gly Glu 

CAA GTC 
Gin Val 



GAA ATA 
Glu He 

AGT GAT 
Ser Asp 
285 
TAT AAT 
Tyr Asn 
300 

GCT TAC 
Ala Tyr 

CTT GAC 
Leu Asp 

AAG TAC 
Lys Tyr 

CTA GAC 

Leu Asp 

• 365 

GGA AAT 

Gly Asn 
380 



GCT GAC GTT GTG 

Ala Asp Val Val 
270 

TTA AAC GAT CCT 

Leu Asn Asp Pro 



ATT GAT 
He Asp 

TTA ACT 
Leu Thr 

GAT ATA 
Asp He 
335 
TCC AAT 
Ser Asn 
350 

GGA TGC 
Gly Cys 



GCT CAA 
Ala Gin 
305 
GGT GAG 
Gly Glu 
320 

GTT AAA 
Val Lys 

TTT AGA 
Phe Arg 

AAT TTC 
Asn Phe 



CAT AAG TAT AAT 
His Lys Tyr Asn 
275 

AGA GTC GTT AAT 
Arg Va 1 Val Asn 
290 

TGG GTT GAC GAT 
Trp Val Asp Asp 



1472 



AGA GGC AAA GGT 

r 

Arg Gly Lys Gly 
385 



AGG CAA 
Arg Gin 

TCG TAT 
Ser Tyr 

AGA AAA 
Arg Lys 
355 
GTA GTT 
Val Val 
370 

GAA AGA 
Glu Arg 



GGC TAT 
Gly Tyr 
325 
AAG GAC 
Lys Asp 
340 

ACT CAC 
Thr His 

TAT ATA 
Tyr He 

ATA ATT 
He lie 



1520 



1568 



1616 



1664 



1712 



1760 



1808 
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AAA TTA GTC GAT AGG GAA AGC TAC AAG ATC GCT GCA GCC CTT TAC CTT 1856 

Lys Leu Val Asp Arg Gin Ser Tyr Lys He Ala Ala Ala Leu Tyr Leu 

390 395 400 405 

CTT TCC CCC TAT ATT CCA ATG ATT TTC ATG GGA GAG GAA TAC GGT GAG 1904 

Leu Ser Pro Tyr He Pro Met He Phe Met Gly Glu Glu Tyr Gly Gin 

410 415 420 

GAA AAT CCC TTT TAT TTC TTT TCT GAT TTT TCA GAT TCA AAA CTG ATA 1952 
Glu Asn Pro Phe Tyr Phe Phe Ser Asp Phe Ser Asp Ser Lys Leu He 

425 430 435 

CAA GGT GTA AGG GAA GGG AGA AAA AAG GAA AAC GGG CAA GAT ACT GAC 2000 
Gin Gly Val Arg Glu Gly Arg Lys Lys Glu Asn Gly Gin Asp Thr Asp 

440 445 450 

CCT CAA GAT GAA TCA ACT TTT AAC GCT TCC AAA CTG AGT TGG AAG ATT 2048 
Pro Gin Asp Glu Ser Thr Phe Asn Ala Ser Lys Leu Ser Trp Lys He 
- • 455' ~ " 460 465 

GAC GAG GAA ATC TTT TCA TTT TAC AAG ATT TTA ATA AAA ATG AGA AAG 2096 

Asp Glu Glu He Phe Ser Phe Tyr Lys He Leu lie Lys Met Arg Lys 

470 475 480 485 

GAG TTG AGC ATA GCG TGT GAT AGG AGA GTA AAC GTC GTG AAT GGC GAA 2144 

Glu Leu Ser He Ala Cys Asp Arg Arg Val Asn Val Val Asn Gly Glu 

490 • 495 500 

AAT TGG TTG ATC ATC AAG GGA AGA GAA TAC TTT TCA CTC TAC GTT TTC 2192 
Asn Trp Leu lie He Lys Gly Arg Glu Tyr Phe Ser Leu Tyr Val Phe 
505 510 515 
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TCT AAA TCA TCT ATT GAA GTT AAG TAC ACT GGA ACT TTA CTT TTG TCC 2240 
Ser Lys Ser Ser He Glu Val Lys Tyr Ser Gly Thr Leu Leu Leu Ser 

520 525 530 

TCA AAT AAT TCA TTC CCT CAG CAT ATT GAA GAA GGT AAA TAT GAG TTT 2288 
Ser Asn Asn Ser Phe Pro Gin His He Glu Glu Gly Lys Tyr Glu Phe 

535 540 545 

GAT AAG GGA TTT GCT TTA TAT AAA CTT TAGGACA GGAGAGTTTA AAAATTTCTA 2342 
Asp Lys Gly Phe Ala Leu Tyr Lys Leu 
550 555 

TGAATGATTA TACTTTAGAT GATGAGTAAA AGCAAGATCG ATGAGGAAGA- GAAAAGGAGA 2402 
AGAGAAGAAG TCAAAAAGTT AGTAATGCTC TTAGCAATGT TAAGATAATG TTTTTTTAAA 2462 
CTCAAATAAT AATAAATACC ATCATGTCAA TATTCTTCAG AACTAGAGAT AGACCTTTAC 2522 
GTCCCGGAGA TCCGTATCCA TTAGGTTCAA ATTGGATAGA AGATGAGGAT GGCGTAAATT 2582 
TTTCCTTGTT CTCAGAGAAT GCAGACAAAG TGGAGTTGAT TCTTTATTCA CAAACAAATC 2642 
AAAAGTAT CC AAAGGAGATA ATAGAGGTTA AGAATAGAAC GGGGGATCC 2691 

mnm^ e 

E?iJ©g£ : 5 5 8 

mm 

: Sul folobus solfataricus 
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*fcg : KM1 
Ir2?'J 

Thr Phe Ala Tyr Lys lie Asp Gly Asn Glu Val He Phe Thr Leu Trp 

15 10 15 

Ala Pro Tyr Gin Lys Ser Val Lys Leu Lys Val Leu Glu Lys Gly Leu 

20 25 30 

Tyr Glu Met Glu Arg Asp Glu Lys Gly Tyr Phe Thr lie Thr Leu Asn 

35 40 45 

Asn Val Lys Val Arg Asp Arg Tyr Lys Tyr Val Leu Asp Asp Ala Ser 

50 55 60 

Glu lie Pro Asp Pro Ala Ser Arg Tyr Gin Pro Glu Gly Val His Giy 
65 - 70 75 80 

Pro Ser Gin He lie Gin Glu Ser Lys Glu Phe Asn Asn Glu Thr Phe 

85 90 95 

Leu Lys "Lys G 1 u Asp Leu lie" He Tyr Glu lie His Val Gly Thr Phe 

100 105 110 

Thr Pro Glu Gly Thr Phe Glu Gly Val lie Arg Lys Leu Asp Tyr Leu 

115 120 125 

Lys Asp Leu Gly He Thr Ala lie Glu He Met Pro lie Ala Gin Phe 

130 135 140 

Pro Gly Lys Arg Asp Trp Gly Tyr Asp Gly Val Tyr Leu Tyr Ala Val 
145 150 155 160 

Gin Asn Ser Tyr Gly Gly Pro Glu Gly Phe Arg Lys Leu Val Asp Glu 
165 170 175 
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Ala His Lys Lys Gly Leu Gly Va I He Leu Asp Va! Val Tyr Asn His 

180 185 190 

Va! Gly Pro Glu Gly Asn Tyr Met Val Lys Leu Gly Pro Tyr Phe Ser 

195 200 205 

Gin Lys Tyr Lys Thr Pro Trp Gly Leu Thr Phe Asn Phe Asp Asp Ala 

210 215 220 

Glu Ser Asp Glu Val Arg Lys Phe lie Leu Glu Asn Val Glu Tyr Trp 
225 230 235 240 

lie Lys Glu Tyr Asn Val Asp Gly Phe Arg Leu Asp Ala Val His Ala 

245 250 255 

He lie Asp Thr Ser Pro Lys His He Leu Glu Glu lie Ala Asp Val 

260 265 270 

Val His Lys Tyr Asn Arg He Val He Ala Glu Ser Asp Leu Asn Asp 

275 280 285 

Pro" Arg Val Val Asn Pro Lys Glu Lys Cys Gly Tyr Asn He Asp Ala 

290 295 300 

Gin Trp Val Asp Asp Phe His His Ser He His Ala Tyr Leu Thr Gly 
305 310 315 320 

Glu Arg Gin Gly Tyr Tyr Thr Asp Phe Gly Asn Leu Asp Asp He Val 

325 330 335 

Lys Ser Tyr Lys Asp Val Phe Val Tyr Asp Gly Lys Tyr Ser Asn Phe 

340 345 350 

Arg Arg Lys Thr His Gly Glu Pro Val Gly Glu Leu Asp Gly Cys Asn 
355 360 365 
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Phe Val Val Tyr He Gin Asn His Asp Gin Yal Gly Asn Arg Gly Lys 

370 375 380 

Gly Glu Arg lie lie Lys Leu Val Asp Arg Glu Ser Tyr Lys lie Ala 
385 390 395 400 

Ala Ala Leu Tyr Leu Leu Ser Pro Tyr He Pro Met lie Phe Met Gly 

405 410 415 

Glu Glu Tyr Gly Glu Glu Asn Pro Phe Tyr Phe Phe Ser Asp Phe Ser 

420 425 430 

Asp Ser Lys Leu lie Gin Gly Val Arg Glu Gly Arg Lys Lys Glu Asn 

435 440 445 

Gly Gin Asp Thr Asp Pro Gin Asp Glu Ser Thr Phe Asn Ala Ser Lys 

450 - 455 460 

Leu Ser Trp Lys lie Asp Glu Glu He Phe Ser Phe Tyr Lys He Leu 

465 470 475 480 

lie Lys Met Arg Lys Glu Leu Ser He Ala Cys Asp Arg Arg Val Asn 

485 490 495 

Val Val Asn Gly Glu Asn Trp Leu He He Lys Gly Arg Glu Tyr Phe 

500 505 510 

Ser Leu Tyr Val Phe Ser Lys Ser Ser He Glu Val Lys Tyr Ser Gly 

515 520 525 

Thr Leu Leu Leu Ser Ser Asn Asn Ser Phe Pro Gin His lie Glu Glu 

530 535 ... 540 

Gly Lys Tyr Gin Phe Asp Lys Gly Phe Ala Leu Tyr Lys Leu 
545 550 555 
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K?iJCDg£ : 3 6 0 0 

E^ijOSIE : Genomic DNA 
j£BjH • Sul f olobus acidocaldarius 
tt^: ATCC33909 









ATTCGTTTTG 


AGTCACTCGG 


CGTAGGTCTG 


AGATAATGCT 


TGCCAAGAAT 


CGAAGAAGGC 


PP A PT A A PTP 




GAP.TTTAGTA 

UaU 111 AU 1 A 


ATCCCTTTCT 


CATGCAATAA 


ATTCTTCGCG 


GACGAAATGT 


GAAAGACATA 


GAACACTTTC 


ACGTAGAAGC 


CGTCCTCTTT 


CACGTTGTTC 


GCCTCCCTAA 


GCCTTATACC 


GCTCTCAAGG 


CCTCTAACAG 


CCTCCAACCA 


CCTCCCTATC 


CCAGACTTTT 


TCGTTTTCAG 


CTTTTTCCAT 


TTCTTCCAGG 


CTAGGATAGA 


GTTCTTAGCA 


TACTGCCTGC 


AAGTTTCCTC 


ACTGGCCATT 


TCCTTTTCCG 


TGAGACCATT 


TTTGCCCTCC 


TTACTCTCTT 


CATCATTTGA 


AAGAGGG.GTT 


GGCCCCTGGG 


ACCAGGGTTC 


GAGTCCCTGC 


ACCCTAATAC 


CCCACTTCTA 


TCTTACAATT 



TAGTCTTTCT TGGCGAGGGC TAATAAGTTG 60 

GTCCTGCCCT GCATGAAATC GATTACCTCG 120 

GTCACGAATT TGCGTACATA TTTCGGCGCT 180 

TAGTTGTACG TTATATCAGT CTTAGCTATA 240 

TTTGGCCCTC TAGTCCAGTT GAGCGTGTAT 300 

TTCTCGTCAT ACTCATTGAG AACCTTTACA 360 

AGGAGCTTGA AGACTAGCTC TACCTCAATA 420 

TCGTCAGCTC CTGGAACCTT AAGATCAACA 480 

GCCTCAAGAT CCCCTTTCCA CTTGTAGAAC 540 

TTACTAGGGG GCTTCTTCAG ATAATTGATA 600 

TTCAAACAAT ATTCATAAAA TTCAATTAAT 660 

CTAGAAGTAA GGGAGTTTAG GGCAAATCCC 720 

TTAGGGGATT CCTCCCCTAA CCAGGGCTTT 780 

CCGGCTACCT TTGAAAGGTT AGGGGGATAC 840 

TCAGGTAAGT CTTTACTAGG TCAACTAAAG 900 
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CACCAACGTA AGTCTCCTTC GTCTTACCAC CTTGACTCTT CTTGATAAAG TAAACATAAT 960 

ATCATCCATA GACTTACCTT ATTCTTATAT TACCATATGA TTTTATTATT TTGTATTTCT 1020 

ATTAGATAAG TCCCACTCAT AGAACAAATG ATGGTTTTAA CTTATATACT AAATACTCTA 1080 

ATAACTCAAC AATAATAAGA ATTTAATCAG TTCTGATAAG TATTTTCACT CGAAAACATT 1140 

TAAATATATT AAGACATAAT TTCTATTTAA ACAGC ATG TTT TCG TTC GGT GGA AAT 1196 

Met Phe Ser Phe Gly Gly Asn 

1 5 

ATT GAA AAA AAT AAA GGT ATC TTT AAG TTA TGG GCA CCT TAT GTT AAT 1244 
lie Glu Lys Asn Lys Gly He Phe Lys Leu Trp Ala Pro Tyr Yal Asn 

10 15 20 

AGT GTT AAG CTG AAG TTA AGC AAA AAA CTT ATT CCA ATG GAA AAA AAC 1292 
Ser Val tys Leu Lys Leu Ser Lys Lys Leu lie Pro Met Glu Lys Asn 
25 30 35 

GAT GAG GGA TTT TTC GAA GTA GAA ATA GAC GAT ATC GAG GAA AAT TTA J3J0_ . 

Asp Glu Gly Phe Phe Glu Val Glu lie Asp Asp lie Glu Glu Asn Leu 
40 45 50 55 

ACC TAT TCT TAT ATT ATA GAA GAT AAG AGA GAG ATA CCT GAT CCC GCA 1388 
Thr Tyr Ser Tyr He lie Glu Asp Lys Ar? Glu lie Pro Asp Pro Ala 

60 65 70 

TCA CGA TAT CAA CCT TTA GGA GTT CAT GAC AAA TCA CAA CTT ATA AGA 1436 
Ser Arg Tyr Gin Pro Leu Gly Val His Asp Lys Ser Gin Leu He Arg 
75 .... . 80 85 
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ACA GAT TAT CAG ATT CTT GAC CTT GGA AAA GTA AAA ATA GAA GAT CTA 1484 

Thr Asp Tyr Gin lie Leu Asp Leu Gly Lys Val Lys lie Glu Asp Leu 

90 95 100 

ATA ATA TAT GAA CTC CAC GTT GGT ACT TTT TCC CAA GAA GGA AAT TTC 1532 

He lie Tyr Glu Leu His Val Gly Thr Phe Ser Gin Glu Gly Asn Phe 

105 110 115 

AAA GGA GTA ATA GAA AAG TTA GAT TAC CTC AAG GAT CTA GGA ATC ACA 1580 

Lys Gly Val lie Glu Lys Leu Asp Tyr Leu Lys Asp Leu Gly He Thr 

120 125 130 135 

GGA ATT GAA CTG ATG CCT GTG GCA CAA TTT CCA GGG AAT AGA GAT TGG 1628 

Gly He Glu Leu Met Pro Val Ala Gin Phe Pro Gly Asn Arg Asp Trp 

140 145 150 

GGA TAC GAT GGT GTT TTT CTA TAC GCA GTT CAA AAT ACT TAT GGC GGA 1676 

Gly Tyr Asp Gly Val Phe Leu Tyr Ala Val Gin Asn Thr Tyr Gly Gly 

155 160 165 

CCA TGG GAA TTG GCT AAG CTA GTA AAC GAG GCA CAT AAA AGG GGA ATA 1724 

Pro Trp Glu Leu Ala Ly.s Leu Val Asn Glu Ala His Lys Arg Gly lie 

170 175 180 

GCC GTA ATT TTG GAT GTT GTA TAT AAT CAT ATA GGT CCT GAG GGA AAT 1772 

Ala Val lie Leu Asp Val Val Tyr Asn His lie Gly Pro Glu Gly Asn 

185 190- 195 

TAC CTT TTA GGA TTA GGT CCT TAT TTT TCA GAC AGA TAT AAA ACT CCA 1820 

Tyr Leu Leu Gly Leu Gly Pro Tyr Phe Ser Asp Arg Tyr Lys Thr Pro 

200 205 210 215 
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TGG GGA TTA ACA TTT AAT TTT GAT GAT AGG GGA TGT GAT CAA GTT AGA 1868 
Trp Gly Leu Thr Phe Asa Phe Asp Asp Arg Gly Cys Asp Gin Val Arg 

220 225 230 

AAA TTC ATT TTA GAA AAT GTC GAG TAT TGG TTT AAG ACC TTT AAA ATC 1916 
Lys Phe He Leu Glu Asn Val Gin Tyr Trp Phe Lys Thr Phe Lys He 

235 240 245 

GAT GGT CTG AGA CTG GAT GCA GTT CAT GCA ATT TTT GAT AAT TCG CCT 1964 
Asp Giy-Leu Arg Leu Asp Ala Val His Ala lie Phe Asp Asn Ser Pro 

250 255 260 

AAG CAT ATC CTC CAA GAG ATA GCT GAA AAA GCC CAT CAA TTA GGA AAA 2012 
Lys His lie Leu Gin Glu lie Ala Glu Lys Ala His Gin Leu Gly Lys 

265 ' 270 275 

TTT GTT ATT GCT GAA AGT GAT TTA AAT GAT CCA AAA ATA GTA AAA GAT 2060 
Phe Val lie Ala Glu Ser Asp Leu Asn Asp Pro Lys "ije jaj . Ly_s Asp_ _ _ .. . 
280 285 290 295 

GAT TGT GGA TAT AAA ATA GAT GCT CAA TGG GTT GAC GAT TTC CAC CAC 2108 
Asp Cys Gly Tyr Lys He Asp Ala Gin Trp Val Asp Asp Phe His His 

300 305 310 

GCA GTT CAT GCA TTC ATA ACA AAA GAA AAA GAT TAT TAT TAC CAG GAT 2156 
Ala Val His Ala Phe lie Thr Lys Glu Lys Asp Tyr Tyr Tyr Gin Asp 

315 ' 320 325 

TTT GGA AGG ATA GAA GAT ATA GAG AAA ACT TTT AAA GAT GTT TTT GTT 2204 
Phe Gly Arg He Glu Asp lie Glu Lys Thr Phe Lys Asp Val Phe Val 
330 335 340 
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TAT GAT GGA AAG TAT TCT AGA TAC AGA GGA AGA ACT CAT GGT GCT CCT 2252 
Tyr Asp Gly Lys Tyr Ser Arg Tyr Arg Gly Arg Thr His Gly Ala Pro 

345 350 355 

GTA GGT GAT CTT CCA CCA CGT AAA TTT GTA GTC TTC ATA CAA AAT CAC 2300 
Val Gly Asp Leu Pro Pro Arg Lys Phe Val Val Phe He Gin Asn His 
360 365 370 375 

GAT CAA GTA GGA AAT AGA GGA AAT GGG GAA AGA CTT TCC ATA TTA ACC 2348 
Asp Gin Val Gly Asn Arg Gly Asn Gly Gin Arg Leu Ser lie Leu Thr 

380 385 390 

GAT AAA ACG ACA TAC CTT ATG GCA GCC ACA CTA TAT ATA CTC TCA CCG 2396 
Asp Lys Thr Thr Tyr Leu Met Ala Ala Thr Leu Tyr He Leu Ser Pro 

395 • 400 405 

TAT ATA CCG CTA ATA TTT ATG GGC GAG GAA TAT TAT GAG ACG AAT CCT 2444 
Tyr He Pro Leu He Phe Met Gly Glu Glu Tyr Tyr Glu Thr Asn Pro 

410 415 420 

TTT TTC TTC TTC TCT GAT TTC TCA GAT CCC GTA TTA ATT AAG GGT GTT 2492 
Phe Phe Phe Phe Ser Asp Phe Ser Asp Pro Val Leu He Lys Gly Val 

425 430 435 

AGA GAA GGT AGA CTA AAG GAA AAT AAT CAA ATG ATA GAT CCA CAA TCT 2540 
Arg Glu Gly Arg Leu Lys Glu Asn Asn Gin Met lie Asp Pro Gin Ser 
440 445 • 450 455 

GAG GAA GCG TTC TTA AAG AGT AAA CTT TCA TGG AAA ATT GAT GAG GAA 2588 
Glu Glu Ala Phe Leu Lys Ser Lys Leu Ser Trp Lys He Asp Glu Glu 
460 465 470 
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GTT TTA GAT TAT TAT AAA CAA CTG ATA AAT ATC AGA AAG AGA TAT AAT 2636 
Yal Leu Asp Tyr Tyr Lys Gin Leu He Asn He Ar g Lys Arg Tyr Asn 

475 480 485 

AAT TGT AAA AGG GTA AAG GAA GT-T AGG AGA GAA GGG AAC TGT ATT ACT 2684 
Asn Cys Lys Arg Val Lys Glu Yal Arg Arg Glu Gly Asn Cys He Tar 

490 495 500 

TTG ATC ATG GAA AAA ATA GGA ATA ATT GCA TCG TTT GAT GAT ATT GTA 2732 
Leu He Met Glu Lys He Gly He He Ala Ser Phe Asp Asp He Val 

505 510 515 

ATT AAT TCT AAA ATT ACA GGT AAT TTA CTT ATA GGC ATA GGA TTT CCG 2780 
He Asn Ser Lys He Thr Gly Asn Leu Leu He Gly He Gly Phe Pro 
520 ' 525 530 535 

AAA AAA TTG AAA AAA GAT GAA TTA ATT AAG GTT AAC AGA GGT GTT GGG 2828 
Lys Lys. Le.u.Lys Lys Asp Glu Leu He Lys Yal Asn Arg Gly Val Gly 

540 545 550 

GTA TAT CAA TTA GAA TGAAAGATCG ACCATTAAAG CCTGGTGAAC CTTATCCTTT 2883 
Val Tyr Gin Leu Glu 
555 

AGGGGCAACT TGGATAGAGG AAGAAGATGG AGTTAATTTT GTACTATTCT CTGAGAACGC 2943 
CACAAAAGTA GAACTGTTAA CGTACTCTCA GACTAGACAA GATGAGCCAA AGGAAATAAT 3003 
AGAACTTAGA CAGAGAACCG GAGATCTCTG GCATGTTTTT GTACCTGGTT TAAGACCAGG 3063 
TCAGTTGTAT GGGTACAGGG TGTATGG.T-CC ATATAAACCA GAGGAAGGGT TAAGGTTTAA 3123 
TCCTAATAAA GTACTGATAG ATCCTTATGC AAAAGCTATA AACGGATTAT TACTATGGGA 3183 
TGATTCGGTC TTTGGATATA AAATTGGAGA TCAGAACCAG GATCTCAGTT TCGATGAGAG 3243 
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AAAAGACGAT AAATTTATAC CTAAAGGGGT CATAATAAAT CCTTATTTTG ATTGGGAGGA 3303 

CGAGCATTTC TTCTTTAGAA GAAAGATACC TTTTAAGGAT AGTATAATTT ATGAGACACA 3363 

TATAAAAGGA ATAACTAAAT TAAGGCAAGA TTTACCGGAG AACGTTAGAG GCACTTTTTT 3423 

GGGTTTAGCA TCAGATACTA TGATTGATTA CCTAAAAGAT TTAGGAATTA CAACCGTTGA 3483 

GATAATGCCT ATTCAGCAAT TTGTAGATGA GAGATTCATT GTCGATAAAG GGTTAAAGAA 3543 

CTACTGGGGT TACAATCCGA TAAATTATTT CTCTCCTGAA TGTAGATACT CAAGCTC 3600 

E*J#^§- : 8 
E#I©S3 : 5 5 6 

mom. : 

1§M : Sul { olobus acidocaldar ius 
ft^: ATCC3 3 90 9 

Met Phe Ser Phe Gly Gly Asn He Gin Lys Asn Lys Gly lie Phe Lys 
15 10 15 

Leu Trp Ala Pro Tyr Val Asn Ser Va 1 Lys Leu Lys Leu Ser Lys Lys 

20 25 30 

Leu He Pro Met Glu Lys Asn Asp Glu Gly Phe Phe Glu Val Glu lie 

35 4.P 45 

Asp Asp lie Glu Glu Asn Leu Thr Tyr Ser Tyr He He Glu Asp Lys 
50 55 60 
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Arg Glu He Pro Asp Pro Ala Ser Arg Tyr Gin Pro Leu Gly Val His 
65 10 75 80 

Asp Lys Ser Gin Leu lie Arg Thr Asp Tyr Gin He Leu Asp Leu Gly 

85 90 95 

Lys Val Lys lie Glu Asp Leu He He Tyr Glu Leu His Val Gly Thr 

100 105 110 

Phe Ser Gin Glu Gly Asn Phe Lys Gly Val lie Glu Lys Leu Asp Tyr 

115 120 125 

Leu Lys Asp Leu Gly He Thr Gly lie Glu Leu Met Pro Val Ala Gin 

130 135 140 

Phe Pro Gly Asn Arg Asp Trp Gly Tyr Asp Gly Val Phe Leu Tyr Ala 
145 ' 150 155 160 

Val Gin Asn Thr Tyr Gly Gly Pro Trp Glu Leu Ala Lys Leu Val Asn 

165 _ _ _ 170 175 

Glu Ala His Lys Arg Gly He Ala Val He Leu Asp Val Val Tyr Asn 

180 185 190 

His He Gly Pro Glu Gly Asn Tyr Leu Leu Gly Leu Gly Pro Tyr Phe 

195 200 205 

Ser Asp Arg Tyr Lys Thr Pro Trp Gly Leu Thr Phe Asn Phe Asp Asp 

210 215 220 

Arg Gly Cys Asp Gin Val Arg- Lys Phe He Leu Glu Asn Val Glu Tyr 
225 230 ... 235 240 

Trp Phe Lys Thr Phe Lys He Asp Gly Leu Arg Leu Asp Ala Val His 
245 250 255 
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Ala lie Phe Asp Asn Ser Pro Lys His He Leu Gin Gin He Ala Glu 

260 265 270 

Lys Ala His Gin Leu Gly Lys Phe Val He Ala Glu Ser Asp Leu Asn 

275 280 285 

Asp Pro Lys He Val Lys Asp Asp Cys Gly Tyr Lys He Asp Ala Gin 

290 295 300 

Trp Val Asp Asp Phe His His Ala Val His Ala Phe lie Thr Lys Glu 

305 310 315 320 

Lys Asp Tyr Tyr Tyr Gin Asp Phe Gly Arg lie Glu Asp He Glu Lys 

325 330 . 335 

Thr Phe Lys Asp Val Phe Val Tyr Asp Gly Lys Tyr Ser Arg Tyr Arg 

- 340 345 350 

Gly Arg Thr His Gly Ala Pro Val Gly Asp Leu Pro Pro Arg Lys Phe 

355 _ 360 365 

Val Val Phe He Gin Asn His Asp Gin Val Gly Asn Arg Gly Asn Gly 

370 375 380 

Glu Arg Leu Ser He Leu Thr Asp Lys Thr Thr Tyr Leu Met Ala Ala 

385 390 395 400 

Thr Leu Tyr lie Leu Ser Pro Tyr He Pro Leu He Phe Met Gly Glu 

405 410 415 
Glu Tyr Tyr Glu Thr Asn Pro- Phe Phe Phe Phe Ser Asp Phe Ser Asp 

420 ... 425 430 

Pro Val Leu lie Lys Gly Val Arg Glu Gly Arg Leu Lys Glu Asn Asn 

435 440 445 
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Gin Met He Asp Pro Gin Ser Glu Glu Ala Phe Leu Ly s Ser Lys Leu 

450 455 460 

Ser Trp Lys He Asp Glu Glu Val Leu Asp Tyr Tyr Lys Gin Leu lie 
465 470 475 480 

Asn He Arg Lys Arg Tyr Asn Asn Cys Lys Arg Val Lys Glu Val Arg 

485 490 495 

Arg Glu Gly Asn Cys He Tbr Leu He Met Glu Lys He Gly lie lie 

500 505 510 

Ala Ser Phe Asp Asp lie Val He Asn Ser Lys lie Thr Gly Asn Leu 

515 520 525 

Leu lie Gly He Gly Phe Pro Lys Lys Leu Lys Lys Asp Glu Leu He 

530 - 535 540 

Lys Val Asn Arg Gly Val Gly Val Tyr Gin Leu Glu 
54j> _ 550 _ _ 555 _ _ _ 

w&m^ : 9 

E?iJCDg£ : 6 
m<D%L : 

HcM : Sulfolobus solfataricus 



mnncnA *„ PCT/JP95/01189 
WO 95/34642 

— 2 5 4 — 



^:KM1 

Val He A'rg Glu Ala Lys 

1 5 



mym^r ■ i o 

mn&w. -.rum. 
me>%n : — *££ 

Sul f olobus solfataricus 
«sig : KM1 

He Ser He Arg Gin Lys 
.1 5 

E?']#-*§- : 1 1 
12?"]©^$ : 5 
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t&fa : Sul f olobus solfataricus 
^:KM1 

He He Tyr Yal Glu 
1 5 

WZm^ : 1 2 
lE?iJ©g£ : 5 

mom. : -#it 

htfo^- : BMVl 

3=*$J : Sulfolobus solfataricus 
ftg:KMl 

Met Leu Tyr Val Lys 
1 5 
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IE?'J#-t : 1 3 
E?'J©g£ : 7 

mom. : -*m 

*fe*$J : Su I f o 1 obu s solfataricus 
Jfcg : KM1 
E3*J 

He Leu Se r He Asn Glu Lys 
1 5 

E*IS^ : 1 4 
E?'J©g£ : 7 

: -*m 

: Sulfolobus solfataricus 
: KM1 



PCT/JP95/01189 

2 5 7 — 

Val Val He Leu Thr Gin Lys 

1 5 

IE?'J#-f - : 1 5 
E^lJOS^ : 1 0 

iSM 

: Su 1 f o lobus solfataricus 

^:KM1 

Asn Leu Glu Leu Ser Asp Pro Ar g Val Ly s- 
1 5 10 

wnm^ : 1 6 

W3\(D^ : 1 2 

nog* : -*« 
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y hi! : tpr^77y* > h 

mn 

%M : Sul folobus solfataricus 
^:KM1 

Met He He Gly Thr Tyr Arg Leu Gin Leu Asn Lys 
1 5 10 

wzm^ : 1 7 
wzw&z : 9 

nog* : — 

E?lJ©MIS : ^f^ K 

mm 

'■ Sul folobus solfataricus 

IZ?|J 

Val Ala Val Leu Phe Ser Pro lie Val 
1 5-9 
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wsm% ■ 1 8 

: 1 1 

mom. : —*m 

: Sul folobus sol (ataricus 
Ifcg : KM1 
IE?'J 

He Asa Tie Asp Glu Lea He He Gin Ser Lys 
1 5 10 



wzm^ i 9 

E?»J©g3 : 1 2 

mom 

: Sul folobus solfataricus 
: KM1 
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Glu Leu Gly Val Ser His Leu Tyr Leu Ser Pro He 
1 5 10 

E?iJ#-t : 2 0 

mno&z : 7 
mom : -«t 

£423 : Sul folobus solfataricus 
: K M 1 _ 

Asp Glu Val Pfae Arg Glu Ser 
1 5 

mym^ •• 21 

E?iJ©g$ : 4 

mom : — 
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mm 

: Su I fo lobus sol fataricus 
^:KM1 

Asp Tyr Phe Lys 

1 

i^IJ#-t : 2 2 
!E^ljOg$ : 7- 

b#n^- : mmvt 

1^|J9P^ : ^-ff K _ 

77^> hi! : cpm^-???* y h 

: Sul folobus solfataricus 
: KM 1 

Asp Gly Leu Tyr Asn Pro Lys 
1 5 
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E#I## : 2 3 

: 8 

E^jCDgfg : K 

: Sul f o lobus solf ataricus 
ft!g:KMl 

Asp He Asn Gly He Arg Glu Cys 
1 5 

E?i]#f- : 2 4 
E?"J©g£ : 7 

g!<Dgfe : — *» 
Mn-/- : iEI£i£ 
lE^J©^ : K 

: Sul fo lobus solfataricus 
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Asp Ph e Glu Asn Phe Glu Lys 
1 5 



E^J#f- : 2 5 

mm<DM:Z : 7 

E^ijoS .rum. 

mom. : 

£J$} : Sulfolobus solfataricus 
--«&S-: KM1 - ._. .... 

Asp Leu Leu Arg Pro Asn He 
1 5 

m?m^ : 2 6 

Wfr\<D&£ : 5 



PCT/JP95/01189 

2 6 4 — 

*fe$J : Sulfolobus sol fataricas 
: KM1 

Asp He He Glu Asn 

1 5 

K?'J#-*§- : 2 7 

..rapTOj.^^ ^ 

^.4^1 : Sulfolobus solfataricus 
^:KM1 

Asp Asn He Glu Tyr Arg Gly 
1 5 
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W^m^r : 2 8 
12?iJCDg£ : 1 8 

mom. : — 

h#n>?- : fill** 
E*J©S& : ffe©t&I* ^DNA 

YTCWCKRAAW ACYTCATC 18 

E#l#-^ : 2 9 
IS?iJCDg£ : 2 0 

b#nv-:wmyt. .: _ __ . 

GATAAYATWG ARTAYAGRGG 20 

E^iJ#-§- : 3 0 
IS?iJ<£>g$ : 8 

e^jcds : y& 
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j&M : Su 1 ( o 1 obus acidocaldarius 
ATCC3 39 0 9 

mm 

A r g Asn Pro Glu Ala Tyr Thr Lys 
1 5 



PCT/JP9S/01189 



I2?iJ#"t : 3 1 
E?iJ£>g$ : 9 

mom. : -*m 

: K 

$2.W. ' Su I f o lobus acidocaldarius 
ffcg:ATCC33909 
S2?'J 

Asp His Val Phe Gin Glu Ser His Ser 
1 5 



E?'J#-t : 3 2 
E?U©S£ : 8 

mom : 



PCT/JP95/01189 

2 6 7 — 

: Sul fo lobus acidocaldarius 
*fcg:ATCC33909 

He Thr Leu Asn Ala Thr Ser Thr 
15 

mnm^r 3 3 

fE?i]®S£ : 6 

mvm. : -*« 

._M8.n-52=:-it£tt 

7 5 r > > Mi : "t»BSia57 7 ?V > h 
: Sulfolobus acidocaldarius 
Ifcg : ATCC33909 

He He He Val Glu Lys 
1 5 
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mym^r 3 4 
mno^ : 1 1 
mnom -.rum. 

■ S u 1 fo lobus acidocaldarius 
t*€ : ATCC 3 3 9 0 9 
Sr2?iJ 

Leu Gin Gin Tyr Met Pro Ala Val Tyr Ala Lys 
1-5 10 

mm^ : 3 5 

B2^J©S$ : 5 
fr3?ij©!i :7;;i 

77^ > hM : EWSaB^^ > h 
: Sulfolobus acidocaidarius 
ATCC3 3 9 0 9 
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Asn Met Leu Glu Ser 

1 5 

wzm^ : 3 6 
IE?|J®^£ : 1 3 

mom. : -*m 

> bM : *ISI!B7 5*V > b 
j£B|g : Sul f olobus acidocaidarius 
|fcg:ATCC33909 

_Ly_s_ l i e Ae r Pro As_p__G I_n _Ph e Hi s Va_l_Pb._e Asn Gin Ly_s 
1 5 10 

E?»t : 3 7 
: 8 

E3&J«D«IS : K 
77^ > bi! : 4»HIS&7 7 7V y b 
^53| : Sul f olobus acidocaidarius . 
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tfcg:ATCC33909 

Gin Leu Ala Glu Asp Phe Leu Lys 

1 5 



WSm^r : 3 8 
E?iJ©g$ : 1 0 

E?iJ©gm : K 

: Su! f olobns acidocaldarius 
tSleg : AT C C 3 3 9 0 9 
S2?|J 

Lys He Leu Gly Phe Gin Glu Glu Leu Lys 
1 5 10 

EFiJS-i- : 3 9 
W&\<D&% : 1 0 

SlCDgfc : ,- . 
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JgH : $ul f ol obus acidocaldarius 
ftg: ATCC33909 

He Ser Val Leu Ser Glu Phe Pro Glu Gin 
1 5 10 

E*J« : 4 0 

E?iJ©S£ : 9 
l^iJOS 'TiJW. 

m>Wi : -#» 

77*V > hM : 43f B ^-7^^ > h _ _ _ _ .. . - 

i&M ' Sulfolobus acidocaldarius 

Jfcg : ATCC33909 
B£?'J 

Leu Lys Leu Glu Glu Gly Ala He Tyr 
1 5 

W&m^r : 4 1 
@E?|J©S£ : 8 
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'■ Sulfotobus acidocaldar ius 
Jfcg:ATCC33909 

mn 

Glu Val Gin He Asa Glu Leu Pro 
1 5 

EWB-f - : 4 2 
E^"J©S$ : 5 

iOt : — *K 
May- :S*8tt_ 

: Sulfolobus acidocaldar ius 
J*^:ATCC33909 

Asp His Se r Arg He 
1 5 
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m?m^ : 4 3 

E?|J<£>^£ : 6 

: Su I f o I obus acidocaldarius 
#£:ATCC33909 
E3*J 

Asp Leu Arg Tyr Tyr Lys 

1 ' 5 

E^JS-f- : 4 4 - 

m&kD&iS : 1 4 

IE?iJCDg3S : K 

: Sul folobus acidocal'darius 
Jfcg : ATCC 3 3 9 0 9 
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Asp Val Tyr Arg Thr Tyr Ala Asn Gin He Val Lys Gin Cys 

1 5 . 10 

wsm^ • 4 5 

: 1 0 
m®%L : -MM 

mm 

: Sul f olobus solfataricus 
^:KM1 

SE?'J ... _ . . _ ._ _ _ ... 

Thr Phe Ala Tyr Lys lie Asp Gly Asn Gin 
1 5 10 

K?'J#"t : 4 6 
mZ>\(DgziS : 7 

SEWS® : ^-t^ K 



PCT/JP95/01189 
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: Sulfolobus solfataricus 
: KM 1 

Leu Gly Pro Tyr P h e Ser Gin 

1 5 

W&m^r :47 
IS^IJCDS^ : 7 

£1©$: : — *M 

7 7?* y-Y%t ' $iTgffi7 y * y b - - - - - 

urn, 

^.^I : Sulfolobus solfataricus 
tfcg : KM 1 

Asp Val Phe Val Tyr Asp Gly 
1 5 

: 4 8 
Ir^ijCD^^ : 1 9 
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mom. : 

*J=$J : Sul fo lobus solfataricus 
tfcg : KM1 

Tyr Asn Arg He Val lie Ala Gin Ser Asp Leu Asn Asp Pro Arg Val 

1 5 10 15 

Val Asn Pro 

E3FiJ#-if : 4 9 

.E3J5>-S.*_l_5l 

: — **fi 

. r£M : Sulfolobus a c i doca 1 da r i as 
: ATCC3 3 9 0 9 ' 

W&\ 

Leu Asp Tyr Leu Lys 
1 5 
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wzm^ : 5 0 

SB^iJCDg^ : 1 7 

: Sul folobus acidocaldarius 
ATCC33 9 0 9 

Lys Ar g Gin He Pro Asp Pro Ala Ser Ar g Tyr Gin Pro Leu Gly Val 

1 ' 5 10 15 

His 

wzm^- : 5 1 

E?'J©g£ : 9 

^5^1 : Sul folobus acidocaldarius 
^g: ATCC33909 
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Lys Asp Val Phe Val Tyr Asp Gly Lys 
1 5 

E?'J#^f : 5 2 
E?'JCDg$ : 9 
E?iJ©S :TUW. 
m<D$L : -MM 

: Sulfolobus acidocal darius 
t^: ATCC33909 

: 

Hi s He Leu Gin Glu He Ala Glu Lys 
1 5 

E?iJ#^f : 5 3 
IE?iJ<Z>S2 : 1 0 

&m<DW. -.rum 
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1e*M : Sulfolobus acidocaldarius 
ATCC33909 

Lys Leu Trp Ala Pro Tyr Val Asn Ser Val 
1 5 10 

mm^ : 5 4 

B*J©g£ : 7 

77^ > bW. : «7 7^ > h 

jg^-:-Su"Ho lob us-acid oca-l-da-ri-us 

«6g: ATCC3 3 9 0 9- 

Met Phe Ser Phe Gly Gly Asn 

.1 5 

Iffi*J## : 5 5 
iS?iJ©g$ : 1 4 

: — 
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: Sul f olobus acidocaldar ius 
<5^g : ATC C 3 3 9 0 9 

Asp Tyr Try Tyr Gin Asp Phe Gly Arg He Glu Asp He Glu 

1 5 • 10 

: 5 6 

E^|J©^$ : 7 
®k<DWL : —2MB 

W&\G>W&L-'~ — 

: Sul f olobus acidocaldarius 
W% : ATCC33909 

mi 

Lys He Asp Ala Gin Trp Val 
1 5 



mm^ : 5 7 

E?|J©§£ : 1 8 
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mm<nwg : mn&n mdna 

AGCWAGKAGM TAYCARCC 18 

WfrW*k - 5 8 
EWOS* : 2 4 

e^ijom : mm 

lE^'JO^i : mo®®. aSSDNA 

YTTHCCATCR TAWACRAAWA CATC 1 ...... __ 24 
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it jfc o m s 

S S *< a - 1 . 4^^rt^5 3iJ^±®«^SIi U 
^Oil7n*^©a-l, 4 £ £ a - 1 , a - 1 £ K 

2. t^T®^;^-xgi^fl-l, 4 £ T * 
4 «f ^ * a - 1. a-lte^K«»***ftffl*W^*. 

3 . s D S # U T ^ ] ) j\s T i F f ;H ^ » 1 S i: «k 
-5>^^*^^J74000~76000-e*^. » * ^ 1 

4_._ T iH_©_SUb_#_W ft g £ W -T 5 , it 1 - 3 <P 

^ -f ti ir> — ^ IB ^ © l£ 3ft a 

(1) M it P H : 4 . 5-6. 0 

(2) £ 1 g I : 60-80 °C 

(3) 3c5£pH:4. 5-10. 0 

(4) 3c 5£ ft : 8 0 , C-e6B#ra©&3fcJ;?) 
9 0 % £J ± £S # 

5 . m m a « «■* ir ft £ * * « jft 5 • 3 ~ 

6. 5mM CuSO 4 tl00MSi^^ f 
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* i ~ 5 o^fn^ - m izizmo o 

7. S u 1 folobal e s gO*H4> bSb 

8. Su 1 f o 1 obusIi:It5ftlBfrbllt> 

ft S s ft^^7{c|2ig©^^ 0 

9. Ac i d i anu sJBlCjR-TSfflS^bfSbtt 

10. S u 1 fo lobusIlcitSttlS^ 

Sulfolobus sol fataricus 

K M 1 *fc (FERM BP-4626) St # ?S 

8 i:E«®8*fl 

11/ Su 1 f o 1 obuslCltSttl^ 

Sulfolobus solfata ricus 
-D -S -M— 5 8 3 3 U T & 5v lf-^-^- 8 -ic -IS *■■<,■ 

12. Sul fo lobuslKltSil^ 
Sulfolobus acidocaldarius 
ATCC 33909^-e*<5. ft:£^8K:fe*g<Dlim 

.13. Ac i di anuslldtSftB*' 
Acidianus brierleyi DSM 
1 6 5 ft^^9{-IES©P^o 

1 4. St * 3g 1 ~ 1 3 O ^ f tl ^ - 5 I- IH i © 
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j. -7 — "if © S$! it & o 

15. Sulfolobalesg©-£-*fflM£l£S 
•T S n 3t 3fc ^ 1 4 U: IE ^ © H! it & o 

16. Su 1 f o 1 obusIi:It5iB*^l 
S . It * 3® 1 5 i:E8®!l!ilSo 

17. A c i d i a n u s I C i t 4 IB % SI t 

a. flUl 5 K §S SB © iK it & o 

18. SulfolobusM{wMt*-5 
Sulfolobus solfataricus 

K M 1 |fc (FERM BP-4626) & S ^ 5 - it 
1 6 cEtolISo 

1 9 . S u 1 f o 1 o b u s I I: I t ^ - - 

Sulfolobus solfataricus 
DSM 5 8 3 3tt^Slt^ If * ^ 1 6 C IE i © ^ 
it & o 

.20. Sul fo lobuspl-M"#"£ 
Sulfolobus acidocaldarius 
ATCC 33909**£S#-rS^ S#^16fc:SE« 
© IS! it & e 

2 1. Ac i d i a n u s M M M 5 
Acidianus br ierleyi DSM 

1 6 5 It * « 1 7lclE«Ottatfto 
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x . MASPGSNHGYDVIDHSRIND 
1" MIIGTYRLQLNKKFTFYDIIENLDYFKELGVSHLYLSPILKARPGSTHGYDVVDHSEINE 
21 1 ELGGEKEYRRLIETAHTIGLGIIQDIVPNHMAVNSLNWRLMDVLKMGKKSKYYTYFDFFP 

***** * * ** **•***••*•**. *.*•**•* **•*•**• ^ 

61" ELGGEEGCFKLVKEAKSRGLEIIQDIVPNHMAVHHTNWRLMDLLKSWKN^ 

81' EDDKIRLPILGEDLDTVISKGLLKIVKDGDEY FLEYFKWKLPLTE VG 

mm mm * * * * * • • • 

120" DDDKIILPILEDELDTVIDKGLIKLQKDNIEYRGLILPINDEGVEFLKRINCFDNSCLKK 
128' NDIYDTLQKQNYTLMSWKNP-PSYRRFFDVNTLIGVNVEKDHVFQESHSKILDLDVDGYR 

mm * * * * ** . *.*****.**.**.*.•* *.**.**V * *** * 

180" EDIKKLLLIQYYQLTYWKKGYPNYRRFFAVNDLIAVRVELDEVFRESHEIIAKLPVDGLR 
187* IDHIDGLYDPEKYINDLRSII-KNKIIIVEKILGFQEELK — LNSDGTTGYDFLNYSNLL 

******** mm ** *****...*.*. . *********** *.* 

240" IDHIDGLYNPKEYLDKLRQLVGNDKIIYVEKILSINEKLRDDWKVDGTTGYDFLNYVNML 

244 ' F NFNQEIMDSIYENFTAEKISISE5IKKIKAQIIDELF5YEVKRLASQLGISYDILRD 

300" LVDGSGEEELTKFYENFIGRKINIDELIIQSKKLVANQLFKG 

302' YLSCIDVYRTYANQIVKECDKTNEIEEATK-RNPEAYTKLQQYMPAVYAKAYEDTFLFRY 

* * **** * . . . . * ******* m m mm m **** 

360" FLACMKKYRTY--LPYEDINGIRECDKEGKLKDEKGIMRLCNYMPAIFAKGYEDTTLFIY 

361' NRLISINEVGSDLRYYKISPDQFHVFNQKRRGKITLNATSTHDTKFSEDVRMKI5VLSEF 
***** ******** * ** ** * * *. ******•••*•* . *»*•** _ 

418" NRLISLNEVGSDLRRFSLSIKDFHNFNLSRVN^SMNTLSTHDTKFSEDVRARISVLSEI 

421' PEEWKNKVEEWHSIINPKVSRNDEYRYYQVLV^ 

* ** * •*....*-...*****-**.**** **** * ********* . 

478" PKEWEERVIYWHDLLRPNIDKNDEYRFYQTLVGS-YEGF— DNKERIKNHMIKVIREAKV 

481* NTSWRNQNKEYENRVMELVEETFTNKDFIKSFMKFESKIRRIGMIKSLSLVALKIM5AGI 

* * * * ••* * ■ * * ..* .**.** .* 
535" ATTWENPNIEYEKKVLGFIDEV^ 

541 ' pDFYQGTEIWRYLLTDPDNRVFVDFKKLHEILEKSKKFEKNMLESMOT 

595" POIYQGTEVWRFLLTDPDNRMPVDFKKLKELL NNLTEKNLE-LSDPRVKMLYVKKLL 

601' SLRKQLAEDFLKGEYKGLDLEEGLCGFIRFNKILVIIKTKGSVNYKLKLEEGAIYTDVLT 
651" QLRR EYSLNDYKPLPF GFQR-GKVAVLFSPIVTREVKEKISIRQKSVDWIR 

661' GEEIKK-EVQINELPRILVRM 

*** ^ 9 * m m m •* 
701" NEEISSGEYNLSELIGKHKVVILTEKRE 
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816 • ATGGCTTCGCCAGGAAGTA-ACCATGGGTACGATGTAA 

* «*** ** * * • *•* • *** •* *» * 

455" AAGGCTAGACCAGGGAGCACTCACGGCTACG — ATGTAGTAGATCAT-AGTGAAATTAAT 
853 ' TAGATCATTCAAGGATAAACGATGAAC-TTGGAGGAG AGAAAGAATACAGGAGATTA 

** * • **• ********** ** *** * ** *** 

512" GA G GA ATTA G G A G GA G A A G A G G G GTG CTTTA A A CTA GTTA A G G A A G CTA A GA GTA G A G GT 
909 ' ATAGAGACAGCTCATACTATTGGATTAGGTATTAT-ACAGGACATAGTACCAAAT-CACA 

**** m mm mm* m mm mm m m *** ** * * * 

572" TTAGAAATCATACAAGATATAGTGCCAAATCACATGGCGGTACATCATACTAATTGGAGA 

967 ' TGGCTGTAAATTCTCTA-AATTGG-CGACTAATGGATGTATTAAAAATGGGTAAAAAGAG 

632 " CTTATGGATCTGTTAAAGAGTTGGAAGAATAGTAAATACTATAACTATT-TTGATCACTA 

1025 ' TAA ATATTATAC GTA CTTTGA CTTTTTC CCAGA A GATG A -TA A GATA C GATTA C C CATAT 
****** * * ********* ***** ** * • * 

691" C G ATGATG A CA A GATA ATC CTC C CA ATA CTTGA G G A C GA GTTG G ATA C C GTT- - ATA GAT 
1084 * TA G G A GA A GATTTA GATA CA G — TG ATA A GTA A AG GTTTATTA A A GATA GTA A A A GATG G 

*** mmm m ***** ***** * ** * * * * ** * * 

749 " AA G G GATTGATA AA A CTACAGAA G G A TAATATA G A GTA CAG - A GGGCTTATATTA CCTAT 

1142 ' A G ATG A ATATTTC CTA GA ATATTTC A A ATG G A — A A CT- -TC CTCTA A C A GA G GTTG G A A 

* **•• * * •*•* ** *** *** ** * * *** * •** •* 

808 " AAATGATGAAGGAGTTGAATTCTTGAAAAGGATTAATTGCTTTGATAATTCATGTTTAAA 

119 8 • ATGATATATACGACACTTTACAAAAACAGAATTATACCCTAATGTCTTGGAA 

* ****** mm ** ** *** ***** *•** * ***** 

868 " G AAAGA GG ATATAA A GAAATTA CTATTA ATA CAATATTATC A G CTAA CTTA CTG GA A GAA 
1250 ' AAATC CTCCTAGCTATA GA CGATTCTTCGATGTTA ATA CTTTA ATA GGAGTAAATGTCGA 
928" A GGTTATC CAAA CTATA GGA GATTTTTC G CA GTAA ATG ATTTGATA G CTGTTA G G GTA GA 

1310 ' A AAA G ATC A C GTATTTCAA GA GTC CCA7TC A A A GATCTTA GATTTA GATGTTG ATG G CTA 

* • ** * ****** ********** * •• * ** ***** ** * 

- 988" ATTGGATGAA GTATTTA G A G A GTC C CATGA GATA ATTG CTAA G CTA C C A GTTG A C GGTTT 

1370 9 TAGA ATTGATCATATTGATGGATTATATGATCCTGA GAAATATATTAATGAC CT " ^ 

1048" AA GAATTGA C CA CATAGATG G A CTATATA A C C CTAA G GA GTATTTA GATA A G CTAA G A C A 

1427 ' GTC^ATAATTAAAAATAAAATAATTATTGTAGAAAAAATTCTGGGATTTCAGGAGGAATT 
** * ** ** **** ***** ***** ** ** ** * • • *** **** 

1108" GTTAGTAGGAAATGATAAGATAATATACGTAGAGAAGATATTGTCAATCAACGAGAAATT 

1487 • AA A ATTA A ATTCA GATG GAA CTA CA G G ATATGA CTTCTTAA ATTA CTC C A A CTT 

** * * *• ****** ***** ******** ***** •* *** ** * 

1168" AAGAGATGATTGGAAAGTAGATGGGACTACTGGATATGATTTCTTGAACTACGTTAATAT 

1541V ACTGTT — TA - ATTTTAATCAA GA - GA -TAATGG A C - A GTATATATGA GA ATTTC A C A GC 
** ****** * * ********* * ************* • 

1228" G CTATTA GTA GATGGA A GTG GTG A G GA GGA GTTA ACTA A GTTTTATGA G A ATTTC ATTG G 

1595 GGAGAAAATATCTATAAGTGAAAGTATAAAGAAAATAAAAGCGCAAATAATTGATGAGCT 
****** **** *■* • *** *** •** • * ***** 

1288" AAGGAAAATCAATATAGACGAGTTAATAATACAAAGTAAAAAATTAGTTGCAAATCAGTT 

1655 ' ATTTA GTTATG A A GTTA AAA GATTA G CATCA CAA CTA G G A ATTA G CTA C G ATATATTG A G 
***** **• *• •****•••■" * •* *** ****** * * • 

1348 " ATTTAAAGGTGACATTGAAAGATTAA'GCAAGTTACTGAACGTTAATTACGAT-TATTTAG 

1715 1 -AGATTACCTTTCTTGTATAGATGTGTACAGAACTTATGCTAATCAGAT-TGTAAAAGAG 
***** ** * ***** * ***** ****** ****** * * * * 

1407" TAGATTTTCTAGCATGTATGAAAAAATACAGGACTTAT — TTA CC ATATGA GGATATTA A 
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1773 • TGTGATAAGACCAATGAGATAGAGGAAGCAACCAAAAGAAATCCAGAGGCTTATACTAAA 

• ***** ***• **** **•* * ** mm • mm m mmm m mm 

1465" CGGAATAAG-GGAATGCGATA-AGGAGGGAAAGTTAAAAGATGAAAAGGGAATCATGAGA 

1833 • TTACAACAATATATGCCAGCAGTATACGCTAAAGCTTATGAAGATACTTTCCTCTTTAGA 

* *««**•** *•»**••••* • * *»»•*» * »**** • • 

1523 H CTC CA A CA ATA CATG C C A G CAATCTTC G CTA A G GG CTATGA G G ATA CTA C C CTCTTC ATC 

1893 ' TA CAATA GATTAATATC CATA A ATG A G GTTGGA A G CGATTTA C GATATTATA AGATATC G 
************** • ** * ** *•*••*** ***** ***** • ** * * 

1583" TACAATAGATTAATTTCCCTTAACGAGGTTGGGAGCGACCTAAGA-AGATTCAGTTTAAG 

1953 ' CCT-GATCAGTTTCATGTATTTAATCAAAAACGAAGAGGAAAAATCACACTAAATGCCAC 

* * * * ****** ••••* * •* •* * *•*•*•*** 

1642" CATCAAAGACTTTCATAACTTTAACCTAAGCA GAGTAAATA CCATATCA ATGAA CA CTCT 

t 

2012 ' TAGCACACATGATACTAAGTTTAGTGAAGATGTAAGGATGAAAATAAGTGTATTAAGTGA 

m mmm *********** ** ******** ** *• * **** *** *• *** 

1702" TTC CA CTCATGATA CTA A ATTCA GTGA AGA C GTTA GA GCTA G A ATATCA GTA CTATCTGA 
2072 * ATTTCCTGAAGAATGGAAAAATAAGGTCGAGGAATGGCATAGTATCATAAATCCAAAGGT 

m mm m mm mmm m mm mmm m ****** * * *** ***** * 

1762" GATACCAAAGGAGTGGGAGGAGAGGGTAATATACTGGCATGATTTGTTAAGGCCAAATAT 
2132 • ATCAAGAAATGATGAATATAGATATTATCAGGTTTTAGTGGGAAG I I I I lATGAGGGATT 

m mmm ***** ******* ****** * ******** **• ******** 

1822" TG ATA A A A A C GATGA GTATA G ATTTTATC A AA C A CTTGTG G G A A G TTA C G A G G G ATT 

2192 ' CTCTAATGATTTTAAGGAGA GAATAAAGCAACATATGATAAAAAGTGTCAGAGAAGCTAA 
1879" j — GATAATA A GGAGA GAATTAA GA A CCA CATGATTAA GGTCATAA GA GA A GCTAA 

2252 ' GATAAATACCTCATGGAGAAATCAAAATAAAGAATATGAAAATAGAGTAATGGAATTAGT 

* ** *•** * *** ***** **** *** ******** * ** •** ** 

19 3 3 " G GTA CATA CA A C GT G GGA AA ATC CTA ATATA GA GTATG A A A A G A A G GTTCTG GGTTTC AT 

2312 ' G GA A GA A A CTTTTA CCAATAA G G ATTTC ATTA A A A GTTTC ATG A A ATTTG A A A GTA A GAT 
*• *•• ** • • * **** * *• ** ** ** 

1993 " A GATG AA GTGTTC GA G AA CA GTAATTTTA G AAATG ATTTTGAA A ATTTTG A A A A GA A A AT 

2372 ' AA GAA G G ATA GG G ATGATTA A GAG CTTATC CTTG GTC G C ATTA AAA ATTATGTCAG C C.G G 

m m mm mm mm mmm • ** * * * * •* *•** 

2053" A GTTTATTTC G GTTATATGAA ATCATTA ATCGCAA C GA C A CTTA G GTTC CTTTC GC C C G G 
2432' TATA CCTG ATTTTTATCA GGG A A CA GA A ATATGG C GATATTTA CTTACA GATC CA ^TA A 

m ***• •** ******* ***** *•* * •** *** ****** 

2113" TGTA C CA GATATTTA TCAA G GA A CTGA A GTTTG GA GATTCTTA CTTA CA G A C C CA G ATA A 
2492 ' CAGAGTCCCAGTGGATTTTAAGAAATTACACGAAATATTAGAAAAATCCAAAAAATTTGA 

+ mmm m mm ******** ****** ** * »** ***** ***** ** * 

2173 w CA GA ATG CC G GTG GATTTCAA GAA A CTA A A G GA ATTATTAA ATA ATTTGA CTGA A A A GAA 
2552 • AAAAAATATGTTA GA GTCTATGGA C — GATGGAAGA - ATTAAGATGTATTTA A CATATA A 

m m m m mmm mm mm mmm m m ****** * * *** * * 

2233" CTTAGAACTCTCAGATCCAAGAGTCAAAATG7TATATGTTAAGAAAT-TGCTACAGCTTA 

2609* G CTTTTA TC C CTA A G A A A A C A GTTG G CT GA G GATTTTTTA A A G G G C GA GTATA A GGG 
« * ** * ***• •* * * ** *** * * *** 

2292" GAA GA G A GTA CTCA CTA A A C GATT — ATA A A C C ATTG C C CTTTG G CTTC C A AA G G G GAA A 

2656 • ATTA GATCTA GAA GAA GGA CTATGTG G GTTTA -TTA G GTTTA A C A A A ATTTTG ^^^J^ 

m mmm mm »*•*••• ***** *• • ** •* ** 

2350" AGTAGCTGTCCTTTTCTCACCAATAGTGACTAGGGAGGTTAAAGAGAAAATTAGT-ATAA 

2725 ' TAAA A A C CA A GGG AA GTGTTA ATTA C A AA CTGA AA CTTG A A GA G G GA G CA ATTTA C A C A G 
*•• •** •*••** * * * •* * *"* 

2409" GG CAA A -AAA G C GTTGATTG GATC A GA AATGA G GAA ATTA GTA GTG G A G AAT ACAA 

2785 • ATGTATTGACAGGAGAAGAAATTAAAAAAGAGGTACAGATTAATGAGCTACCTAGGATAC 
m m mmm mm * •* • *•• • •• * • • 

2464" TTTAAGTGAGTTGATTGGGAAGCATAAAGTCGTTATA-TTAACTGAAAAAAGGGAG 
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1 • MFSFGGNIEKNKGIFKLWAPYVNSVKLK-LSKKLIPMEKNDEGFFEVEIDDIEENLTYSY 

* * . * ** ***** ***** * • * ** ^ * * ♦ ^ * 

1" TFAYKIDGNEVIFTLWAPYQKSVKLKVLEKGLYEMERDEKGYFTITLNNVKVRDRYKY 

60' IIEDKREIPDPASRYQPLGVHDKSQLIRTDYQILDLGKVKIEDLIIYELHVGTFSQEGNF 

* *********** •** »* * * ******* •**** >s ** a * 

59" VLDDASEIPDPASRYQPEGVHGPSQIIQESKEFNNETFLKKEDLIIYEIHVGTFTPEGTF 

120* KGVIEKLDYLKDLGITGIELMPVAQFPGNRDWGYDGVFLYAVQNTYGGPWELAKLVNEAH 
*** *********** ** ** ***** •**•*•** ****** **** **• »*» 

119" EGVIRKLDYLKDLGITAIEIMPIAQFPGKRDWGYDGVYllYAVQNSYGGPEGFRKLVDEAH 

180* KRGIAVILDVVYNHIGPEGNYLLGLGPYFSDRYKTPWGLTFNFDDRGCDQVRKFILENVE 
* * ********* ****** ^ ****** ^ ^ »**»**•***»•• ^ * ^ ********** 

179" KKGLGVILDVVYNHVGPEGNYMVKLGPYFSQKYKTPWGLTFNFDDAESDEVRKFILENVE 

240' YWFKTFKIDGLRLDAVHAIFDNSPKHILQEIAEKAHQLGKFVIAE5DLNDPKIV — KDDC 
** * ** ******** * ••*••* *•• * ***•»**«*• a a * * >v » 

239" YWIKEYNVDGFRLDAVHAIIDTSPKHILEEIADVVHKYNRIVIAESDLNDPRVVNPKEKC 

298 ' GYKIDAQWVDDFHHAVHAFITKEKDYYYQOFGRIEDIEKTFKDVFVYDGKYSRYRGRTHG 
** *********** b ^ ** * *^ •* »** ^** • ^ *********** m * .*** 

299 M GYNIDAQWVDDFHHSIHAYLTGERQGYYTDFGNLDDIVKSYKDVFVYDGKYSNFRRKTHG 

358 ' APVG0LPPRKFVVFIQNHDQVGNRGNGERLSILTDKTTYLMAATLYIL5PYIPLIFMGEE 
*** * *** *********** •„*...* . ****** . ****** 

359" EPVGELDGCNFVVYIQNHDQVGNRGKGERIIKLVDRESYKIAAALYLL5PYIPMIFMGEE 

418 ' YYETNPFFFFSDFSDPVLIKGVREGRLKENNQMIDPQSEEAFLKSKLSWKIDEEVLDYYK 
_ *_ * _*** ***»***_ # _ ******** *** * . ***_._*.._„*. **********... . " 

419" YGEENPFYFFSDFSDSKLIQGVREGRKKENGQDTDPQDESTFNASKLSWKIDEEIFSFYK 

478' QLINIRKRYN-NCKRVKEVRREGNCITLIMEKIGIIASFDDIVIN5KITGNLLIGI — GF 
**..** 9 _ * _ * , * *.. *. * .*.**.. . * 

479" ILIIO^RKEUSIACDRRVIWVNGENWLIIKGREYFSLYVFSKSSIEVKYSGTLLLSSNNSF 

535' PKKLKKDELIKVNRGVGVYQLE 

* * ..*.* 

539" PQHIEEGK-YEFDKGFALYKL 
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1176 ' ATGTTTTC GTTC G GTG GA A ATATTG A A AA AA ATA A A G GTATCTTTA A GTTATG G GCACCT 
• *•* * • •* •* •* **•• • * ******* ••*•••••••*« 

642 M ACGTTTGCTTATAAAATA GATGGAAATGAGGTAATCTTTA CCTTATG G GCACCT 

1236 ' TATGTTA ATA GTGTTAA GCTGAA - GTT — AA GCAAA AAA CTTATTC CA ATGGAAA A A AA C 

«** mm mm ***** • * •* • mm **** •*••**•* * m 

696" TATCAA AA GA GC GTTAAA CTAA A G GTTCTA GA GAA G GGA CTTTA CG A AATG GAAA GAGAT 

1293 ' GATGAGGGATTTTTCC^GTAGAAATAGACGATATCGAGGAAAATTTAACCTATTCTTAT 
** m mm m mmm m ****** *** • • *•* •* 

756" GAAAA A GGTTA CTT CA C CATTA C CTTA AA CAA C GTA AA GGTTA GA GATA G GTATAA ATA C 

1353 ' ATTATAGAAGATAAGAGAGAGATACCTGATCCCGCATCACGATATCAACCTTTAGGAGTT 

816" GTTTTA GATGATG CTA GT GAA ATA C CA G ATC CA G CATC CA GATA C CAA C CA GA A G GTGTA 

1413 ' CATG A CAAATCA CAA CTTATA A GAA C A GATTATCA G ATTCTTGA C CTTG GAAAA GTA AAA 
*••* ***** ******* * •• 

876" CATGGGCCTTCACAAATTATACAAGAAAGTAAAGAGTTCAACAACGAGACTTTTCTGAAG 

1473 • ATAGAAGATCTAATAATATATGAACTCCACGTTGGTACTTTTTCCCAAGAAGGAAATTTC 

* • * * •• • ***** ****** * ***** •* ***** • • mmm *•** •» 

936" AAA GA G GA CTTGATA ATTTATGA AATA CA CGTG G G G A CTTTCA CTC CA G A G G GA A C GTTT 
1533 * AAAGGAGTAATA GAAAA GTTAGATTACCTCAAGGATCTAGGAATCACAGGAATTGAA CTG 

• ••••• **• *• • •* mmm m ****** * .*••• * ** • 

996" G A G G GA GTGATAA G GAA A CTTGA CTA CTTAAA G GATTTG G GA ATTA C G G CA ATA GA GATA 
1593 ATGCCTGTGGCACAATTTCCAGGGAATAGAGATTGGGGATACGATGGTGi I I I iCTATAC 
1056 " ATGC CAATA GCTCAATTTC CTG GGAAAA G GGATTG G GGTTATGATG GAGTTTATTTATAT 
1653 ' GCAGTTCAAAATACTTATGGCGGACCATGGGAATTGGCTAAGCTAGTAAACGAGGCACAT 

***** ** ** *•*• ** ** *** * mm mmm **•* • ** * * ** 

1116" GCA GTA CA GAA CTCTTACGGAGGGCCAGAAGGTTTTA GAAA GTTAGTTGATGAAGCGCAC 

1713 ' AAAAGG6GAATAGCCGTAATTTTGGATGTTGTATATAATCATATAGGTCCTGAGGGAAAT 

1176" AAGAAAGGTTTAGGAGTTATTTTAGACGTAGTATACAACCACGTTGGACCAGAGGGAAAC 

1773 f TA CCTTTTAG GATTAG GTC CTTATTTTTCA GACA GATATAA AA CTC CATG G GGATTAA CA 
** * * **• • * ** ***** *** * * **• ***** •*•••••*••***» 

1236" TATATGGTTAAATTGGG GC CATATTTCTCA CA GAAATA CA AAA C G C CATGGG GATTA A C C 

1833 ' TTTAATTTTGATGATA G GG GATGTGATCAAGTTAGA A AATTCATTTTA GA AAATGTC GA G 

1296" TTTAA CTTTG AC GATG CTGAAA G CGATGA G GTTAG GA AGTTCATCTTA GAAAA C GTTGA G 

1893 ' TATTGGTTTAAGACCTTTAAAATCGATGGTCTGAGACTGGATGCAGTTCATGCAA I I I i i 
••• ***** * *** * ***** • ••* * ***** ************ * * 

1356" TA CTG GATTAAGGAATATA AC GTTGATGGGTTTAG ATTA GATG CGGTTCATGCA ATTATT 

1953 ' GATAATTCGCCTAAGCATATCCTCCAAGAGATAGCTGAAAAAGCCCATCA ATTA GGAAAA 
** * **• ******** •** * m mm •*•••••* * *** • * * 

1416" GACACTTCTCCTAAGCACATCTTGGAGGAAATAGCTGACGTTGTGCATAAGTATAATAGG 

2013 ' TTTGTTATTGCTGAAAGTGATTTAAATGATCCAAAAATAG-TAA AAGATGATTGT 

1476" ATTGTCATA G C C GAAA GTGATTTAA A CGATC CTA GA GTC GTTAATC C CAA G GAAAA GTGT 

2067 1 G GATATA AA ATA GATG CTCAATG GGTTG AC GATTTCCA CCA CGC AGTTCATG 

1536" G GATATAATATTGATG CTCAATG G GTTGA C GATTTC CATC ATTCTA TTCA CG CTTA CTTA 

2127 ' A CAAAA GAA A A A GATTATTATTA CCA<jGATTTTGG A A G GATA GAA GATATA G A GAAAA CT 
mm mm m m ***** *•••*• ** * * *• •*•**•• * 

1596" A CTGGTGA GA G G CAA G G CTATTATACG GATTTC GGTA A C CTTGA CGATATA GTTAA ATC G 



FIG. 41A 



WO 95/34642 



PCT/JP95/01189 



43X44 



2187 f TTTAAA G ATGTTTTTGTTTATGATGGA A A GTATTCTA G ATA C A GAG GA A G A A CTCATGGT 

* mmm mm ***** mm ••••••** • •*•• *• * * *** *** ****** • * 

1656" TATAA G GA CGTTTTCGTATATGATG GTA A GTA CTCCAATTTTA GAA GA A AA A CTCA CGGA 
2247 # G CTC CTGTA GGTG ATCTTC CA C C A CGTA A ATTTGTA GTCTTCATA CAA A ATCA C GATCAA 

m mm mm ***** mm m m mm mm ***** • **********•*•*•••• 

1716" GAA C CA GTTG GTGAA CTA GA C G G ATG CA ATTTC GTA GTTTATATA CAA A ATCA C GATCAA 

2307 • GTAGGAAATAGAGGAAATGGGGAAAGACTTTCCATATTAACCGATAAAACGACATACCTT 
** *********** mm mm ****** * * *••* ***** * •** 

1776" GTCGGAAATAGAGGCAAAGGTGAAAGAATAATTAAATTAGTCGATAGGGAAAGCTACAAG 

2367 • ATG G CA GC CA CA CTATATATA CTCTCA C C GTATATA C C G CTA ATATTTATGG GC GA G GAA 
1836" ATCGCTGCAGCCCTTTACCTTCTrrCCCCCTATATTCCAATGATTTTCATGGGAGAGGAA 

2427 • TATTATGA GA C G AATC CTTTTTTCTTCTTCTCTG ATTTCTCA GATC C C GTATTA ATTA A G 
** *•*• ***** **** ***** ******** ****** * * * ,** * 

1896 " TA C G GTG A G GAA AATC C CTTTTATTTCTTTTCTG ATTTTTCA GATTCA A A A CTGATA CAA 

2487 ' G GTGTTA GA GA A GGTA GA CTA A A GGA A A ATA ATCAA ATGATA GATC CA CA ATCTG A G GAA 
***** ** ***** *** ********* **• * • • *** *** * 

1956" GGTGTAAGGGAAGGGAGAAAAAAGGAAAACGGGCAAGATACTGACCCTCAAGATGAATCA 

2547 ' GCGTTCTTAA A GA GT — AAA CTTTCATGGA AAATTGATGA G GAA GTTTTA G ATTATTATA 
* m **•* * • ***** •*••* ***** ****** • ** * •** • 

2016" AC — TTTTAACG CTTC CAAA CTGA GTTG GAA GATTGA CGA G GAA ATC7TTTCATTTTA CA 

2605 9 AA CAA CTGATAAATATCA GAAA - GA GAT- ATAATA - ATTGTA AA A GG GTAA A G GAA GTTA 

* * ***** »* ***** •** * * ••* •** • ••* • * 

2074" A GATTTTAATAAAA ATGA GAAA G GA GTTGA GCATA G CGTGTGATA GG A G A GTAAA CGTC G 

2662 ' GGA GA G A A GG GAA CTGTATTACTTTGATCATGGA AA A AATA G GA ATAATTGCATCGTTTG 
********** * • *** **** * * • * *** 

2134" TGAATGGCGA A AATTG GTTGATCATCAA GG - GAA GA GA ATA CTTTTCA CTCTAC GTTTTC 

2722 f ATGATATTGT-AATTA ATTCTAA AATTACA GGTA ATTTA CTTATAG G CATAGG ATTTCC G 
* ** * *** * •** * ** * ******* * * * * * 

2193 " TCTA AATCATCTATTGAA GTTAA GTA CA GTG GA A CTTTA CTTTTGTC CTCAA ATA ATTCA 
2781 ' AAAAAATTGAA AAAA GATGAA — TTAAT-TAA G GTTAA CA GA G GTGTTGGGGTATATCAA 
2253 " TTCCCTCAGCATATTGAA GAA G GTAAATATGA GTTTGATAA GG GATTTG CTTTATATAA A 
2838' TTAGAA 
2313" CTT 
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